Google 


This  is  a  digital  copy  of  a  book  that  was  preserved  for  generations  on  library  shelves  before  it  was  carefully  scanned  by  Google  as  part  of  a  project 

to  make  the  world's  books  discoverable  online. 

It  has  survived  long  enough  for  the  copyright  to  expire  and  the  book  to  enter  the  public  domain.  A  public  domain  book  is  one  that  was  never  subject 

to  copyright  or  whose  legal  copyright  term  has  expired.  Whether  a  book  is  in  the  public  domain  may  vary  country  to  country.  Public  domain  books 

are  our  gateways  to  the  past,  representing  a  wealth  of  history,  culture  and  knowledge  that's  often  difficult  to  discover. 

Marks,  notations  and  other  maiginalia  present  in  the  original  volume  will  appear  in  this  file  -  a  reminder  of  this  book's  long  journey  from  the 

publisher  to  a  library  and  finally  to  you. 

Usage  guidelines 

Google  is  proud  to  partner  with  libraries  to  digitize  public  domain  materials  and  make  them  widely  accessible.  Public  domain  books  belong  to  the 
public  and  we  are  merely  their  custodians.  Nevertheless,  this  work  is  expensive,  so  in  order  to  keep  providing  tliis  resource,  we  liave  taken  steps  to 
prevent  abuse  by  commercial  parties,  including  placing  technical  restrictions  on  automated  querying. 
We  also  ask  that  you: 

+  Make  non-commercial  use  of  the  files  We  designed  Google  Book  Search  for  use  by  individuals,  and  we  request  that  you  use  these  files  for 
personal,  non-commercial  purposes. 

+  Refrain  fivm  automated  querying  Do  not  send  automated  queries  of  any  sort  to  Google's  system:  If  you  are  conducting  research  on  machine 
translation,  optical  character  recognition  or  other  areas  where  access  to  a  large  amount  of  text  is  helpful,  please  contact  us.  We  encourage  the 
use  of  public  domain  materials  for  these  purposes  and  may  be  able  to  help. 

+  Maintain  attributionTht  GoogXt  "watermark"  you  see  on  each  file  is  essential  for  in  forming  people  about  this  project  and  helping  them  find 
additional  materials  through  Google  Book  Search.  Please  do  not  remove  it. 

+  Keep  it  legal  Whatever  your  use,  remember  that  you  are  responsible  for  ensuring  that  what  you  are  doing  is  legal.  Do  not  assume  that  just 
because  we  believe  a  book  is  in  the  public  domain  for  users  in  the  United  States,  that  the  work  is  also  in  the  public  domain  for  users  in  other 
countries.  Whether  a  book  is  still  in  copyright  varies  from  country  to  country,  and  we  can't  offer  guidance  on  whether  any  specific  use  of 
any  specific  book  is  allowed.  Please  do  not  assume  that  a  book's  appearance  in  Google  Book  Search  means  it  can  be  used  in  any  manner 
anywhere  in  the  world.  Copyright  infringement  liabili^  can  be  quite  severe. 

About  Google  Book  Search 

Google's  mission  is  to  organize  the  world's  information  and  to  make  it  universally  accessible  and  useful.   Google  Book  Search  helps  readers 
discover  the  world's  books  while  helping  authors  and  publishers  reach  new  audiences.  You  can  search  through  the  full  text  of  this  book  on  the  web 

at|http: //books  .google  .com/I 


ft.*  '  -  -I 


* . 


I     \ 


f^''..m..lm.  %       '••  m' 


S^' 


//., 


^r; 


/  ^  //c  ^  ^// 


// 


^  •  /  ' .  ^ 


9       ' 


fi^-/l 


I  V-   oy.<cn  ) 


V' 


^h  (-^ 


-f^^^>   r.. 


.         X.a- 


v^^.U'Vs'^->  \S;\\V. 


FERGUSON'S  LECT^ES 


ON 


IN 


SELECT  SUBJECTS, 

MECHANICS^  f  OPTICS^  ' 

HYDKOSTATICS^  |  GBOGRAFHT^ 

HYDRAULICS^  €  ASTRONOMY^  Am 

PNEUMATICS.  '  DIALLING.  ?     . 

■         •    . '  "  ■ 

A  NEW*EblT[ON, 

CORBBCTED  AND  ENLARGED, 

WITH 

NOTES  ANT)  AN  APPBNDU;,   .  ^ 

ABARBB  «0  THX  mSBTT   STATS  OF  TBS  ASXt  AHD  tCISirai,     ' 

•  BY  DAVID  BBEW8TEB,  A.  M,  /         V 


IN   TWO   ▼QI.UMX8} 

"vrna  a  tolumb'of  aates* 


SECOJ^D  AMERICAJt  EDJTIOJ^, 
CAREFULLY  REVISED  AND  CORRECTED^ 

BT  BOBEBT  PATTERSOX, 


tr 


jrm&nmtm  or  luisiifATicty  Am  teaicma  of  vatukai.  pkoomvit,  w 

m  xmtfwum  of  FnniTLTANiA. 


VOLUME  U.  ^, 


.« 


■5  .     ^-i-     ■...  vtI* 


PHILADELPHIA:  ,^^ 

PftlKTXD  FOR  AND  PUBLISHED  BY  M.  CABBY;  ■     J 
NO*  131)  CHB8VUT-8TRBXT.                      C  ^' 

A*  8XAXX,  pmnmB. 


1814. 


^ 


■^      ■  ^^'    ■■ 


«> 


I    " 


■r 


*  1 


"      % 


Pi. 


*       •• 


■■■. 


c  I 


t  - 


THE  NEW  YORK 

IPUBUC  LIBRARY 

153775 


t     '•   . 


iMfe%^^ 


1 

1 

■^* 

•_ 

• 

* 

■     *i 

0 

-n 

't^ 

.    .'  ». 

1" 

.' 

i* 

♦ 

« 

•/■ 

**  - 

W 

vr 


.  f 


Jl. 


■:i 


.    1 


4 


^n  * 


»_.  V   . 


u« 


*>  I    .41 


«  « 


u  4 


■V 


4>' 


*   *•      -     • 


A 


■    t 


* 


\  I 


-  ^> 


CONTENTS  OF  THE  SECOND  VOLUME. 


LECTURE  X. 


On  the  principles  and  art  of  Dialling— Dialling  by 
the  globe — Dialling  lines — Tables  of  the  snn's 
place  and  declination — Tables  of  the  equation  of 
time— 'Rules  for  finding  the  latitude  of  places    1 


LECTUKE  XJ, 


Of  Dialling — Dialling  by  trigonometry — Babylo- 
nian and  Italian  dials — On  the  placing  of  dials^ 
and  the  regulation  of  time-keepers         -         43 


LECTURE  XII* 

Showing  how  to  calculate  the  mean  time  of  any 
new  or  full  moon,  or  eclipse,  from  the  creation 
of  the  world  to  the  year  c^  Christ  5800 — ^Table 
of  lunations — Tables  of  the  moon's  mean  motioa 
from  the  sun,  &c 7S 


IV  CONTENTS. 

SXJPPLEMENT  TO   THE    PRECEDING  LEC- 
TURES,  BY  THE  AUTHOR. 

MECHANICS. 

Description  of  a  new  and  safe  crane  with  different 
powers  -  ...  95 

On  Barker's  water-mill  without  wheel  or  trundle  103 

» 

HYDROSTATICS. 

A  machine  for  demonstrating  that^  on  equal  bot< 
toms^  the  pressure  of  fluids  is  in  proportion  to 
iheir  perpendicular  height^  without  any  regard 
to  their  quantities        ....         106 

A  machine  to  be  substituted  in  place  of  the  com- 
mon hydrostatic  bellows      -         -         -*       111 

The  cause  of  reciprocating  springs^  and  .of  ebbing 
and  flowing  wcUs^  explained  -         113 

HYDRAULICS. 

Account  of  Blakey's  fire  engine  -  -  116 
Archimedes's  screw  engine  -  -  •  119 
Quadruple  pump-mill  for  raising  water  130 

DIALLING. 

Universal  dialling  cylinder    ...        1S3 

Cylindrical  dial 187 

To  make  three  sun  dials  on  three  diffei*ent  planes  131 
A  universal  dial  on  a  plain  cross  -  -  132 
A  universal  dial  by  a  terrestrial  globe     -        134 


i_ 


CONTENTS*  V 

APPENDIX,  BY  THE  EDITOR. 

MECHANICS* 

On'  the  construction  of  undershot  water-wheels  for 
turning  machinery      ....        14}1 
On  the  construction  of  the  mill-course       14A 
On  the  water-wheel  and  its  float-boards    149 
On  the  spur-wheel  and  trundle         -        166 
On  the  formation^  size,  and  velocity,  of  the 
mill-stone            ....         160 
On  the  performance  of  undershot  mills      165 
On  a  new  mill-wright's  table            -        169 
On  horizontal  mills                  -         -        176 
On  double  corn-mills       ...         181 
On  breast-mills       ....        184 
Practical  remarks  on  the  performance  and  con- 
struction of  overshot  water-wheels        -         188 
On  the  method  of  computing  the   effective 
power  of  overshot  wheels  in  turning  ma- 
chinery        188 

On  the  performance  of  overshot  and  under- 
shot mills  -        -         -         -        190 
On  the  formation  of  the  buckets^  and  the  pro- 
per velocity,  of  overshot  wheels  192 
Account  of  an  improvement  in  flour-mills         SOO 
On  the  formation  of  the  teeth  of  wheels  and  the 
leaves  of  pinions         ....        SOS 
On  the  formation  of  epicycloids,  mechanical- 
ly, and  on  the  disposition  of  the  teeth  on 
the  wheel's  circumference    -                 S81 


VI  CONTENTS. 

Ori  ilie  formation  of  cycloids^  and  epicycloidi^^ 
geometrically^  and  the  method  of  drawing 
lines  parallel  to  them  -         SS3 

On  bevelled  wheels^  and  the  method  of  giving 
an  epicycloidal  form  to  their  teeth         228 
On  the  formation  of  the  teetli  of  rack-work^  the 
wipers  of  stampers,  &c.       -         -         -        S31 
On  the  nature  and  construction  of  wind-mills  S48 
Dcsjcription  of  a  wind-mill       -         -         248 
On  the  form  and  position  of  wind-mill  sails  256 
To  find  the  momentum  of  friction      -         366 
To  find  the  velocity  of  the  wind        -         S67 
On  the  effect  of  wind-mill  sails         -         27* 
On  horizontal  wind-mills  -         -         277 

On  the  nature  of  friction,  and  the  method  of  dimi- 
nishing its  effects  in  machinery  -         283 
On  the  nature  and  operation  of  fly-wheels         302 
On. wheel  carriages         -         -         -         -         310 
On  the  formation  of  carriage  wheels  311 
On  the  position  of  the  wheels            -        327 
On  the  line  of  traction,  and  the  method  by 
which  horses  exert  their  strength          328 
On  the  position  of  the.  centre  of  gravity,  and 
the  manner  of  disposing  the  load  333 
On  the  thrashing  mi^hine       -         -         -         336 
On  thrashing  machines  driven  by  water    338 
On  thrashing  machines  driven  by  horses  312 
On  the  power  of  thrashing  machines         347 
On  the  construction  and  effect  of  machines       349 


\ 

\ 


^ 


CONTENTS.  Vii 

Description  of  a  simple  and  powerful  capstane  369 
A  mechanical  method  of  finding  the  centra  of  gra- 
vity   37* 

i 

HYDRAULICS. 

On  the  steam-engine       -        -        .        .        376 

On  the  power  of  steam-engines^  and  the  me> 

thod  of  computing  it  -         -        3^^ 

Description  of  a  water-blowing  machine        -  400 

OPTICS. 

On  achromatic  telescopes        -         -         -        403 

On  achromatic  object-glasses  -        403 

On  achromatic  eye-pieces         -         -        4S5 

On  the  construction  of  optical  instruments^  with 

tables  of  their  apertures,  &c.  and  the  method  of 

grinding  the  lenses  and  mirrors  of  which  they 

^re  composed 433 

On  the  method  of  grinding  and  polishing  len- 
ses      433 

On  the  method  of  grinding  and  polishing  the 

mirrors  of  reflecting  telescopes      -        438 

On  the  single  microscope         -        -        41@ 

On  the  double  microscope        -         -        416 

On  the  refracting  telescope       -         -        447 

On  the  Gregorian  telescope    *  -         -        450 

On  the  Cassegrainian  telescope        -        452 

On  the  Newtonian  telescope    -         -         4d4< 

Description  of  a  new  fluid  microscope^  invented 

by  the  editor      .        ^        .         -         ,        461 


*• 


Vm  CONTENTS. 

DIALLING. 

Description  of  an  analemmatic  dial^  which  sets  it- 

self  -  -  v-  -  464 

Description  of  a  new  dial^  invented  by  Lambert  471 

ASTRONOMY. 

On  the  cause  of  the  tides  ^4* 

MECHANICS. 

Extract  from  Marrat's  Mechanics^  on  wheel-car* 
riages  ....  477 


LECTURES 
OJV  SELECT  SUBJECT^. 

0 


liECTUBE  it. 

The  Principles  and  drt  of  Dialings 

A  DIAL  is  a  planc^  upon  wliich  lines  are  Prciimi. 
described  in  such  a  manner^  that  the  shadow  "*"*••' 
of  a  wire^  or  of  the  upper  edge  of  a  plate-stile, 
erected  perpendicularly  on  the  plane  of  the 
dial^  may^  when  the  sun  shines,  shew  the  true 
time  of  the  day. 

The  edge  of  the  plate  by  which  the  time  of 
the  day  is  found,  is  called  the  gnomon  or  stile 
of  the  dial,  which  must  be  parallel  to  the 
earth's  axis ;  and  the  line  on  which  the  said 
plate  is  erected,  is  called  the  substile. 

The  angle  included  between  the  substilc 
and  stile,  is  called  the  elevation,  or  height,  of 
the  stile. 

Those  dials  whose  planes  are  parallel  to  the 
plane  of  the  horizon^  are  called  horizontal  di- 
als ;  and  those  dials  whose  plaues  are  perpen- 
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dicular  to  the  plane  of  the  horizon^  are  called 
vertical^  or  erect  dials. 

Those  erect  dials^  whose  planes  directly 
front  the  north  or  souths  arc  called  direct  north 
or  south  dials ;  and  all  other  erect  dials  are 
called  declinerSf  because  their  planes  are  turn- 
ed away  from  the  north  or  south. 

Those  dials^  whose  planes  are  neither  paraL 
lei  nor  perpendicular  to  the  planc^f  the  liori- 
zou^  are  called  inclining^  or  reSlhiing  dials, 
according  as  their  planes  make  acute  or  obtuse 
angles  with  the  horizon ;  and  if  their  planes 
are  also  turned  aside  from  facing  the  south  or 
norths  they  are  called  declining-inclinivg,  or 
declining-reclining  dials. 

The  intersection  of  tlie  plane  of  the  dial^ 
with  that  of  the  meridian^  passing  through  the 
stile,  is  called  the  meridian  of  the  dial^  or  the 
hour-line  of  XII. 

Those  meridians,  whose  planes  pass  through 
the  stile,  and  make  angles  of  Id,  30,  49,  60, 
7S,  and  90  degrees,  respectively,  with  the  me- 
ridian of  the  place,  (which  marks  the  hour- 
line  of  XII)  are  called  hour-circles  ;  and  their 
intersections  with  the  plane  of  the  dial,  are 
called  hoiirMnes. 

In  all  declining  dials,  the  substile  makes  an 
angle  with  the  hour-line  of  XII ;  and  this  an- 
gle is  called  the  distance  of  the  substile  from 
the  meridian. 

The  declining  jdane^s  difference  of  longi^ 
tudcj  is  the  angle  formed  at  the  intersection 
of  tlic  stile  and  plauc  of  the  dial,  by  two 
meridians ;  one  of  which  passes  through  the 
hour- line  of  XLL,  and  the  other  through  the 
substile. 


Of  Dialing.  3 

This  much  being  premised  concerning  dials^^'^^^^- 
in  general^  we  shall  vow  proceed  to  explain 
the  different  methods  of  their  construction. 

If  the  whole  earth  aPcp  were  tmnsparcnt,  Fiff-  2. 
and  hollow^  like  a  sphere  of  glass,  and  had  its 
equator  divided  into  S4  equal  parts  by  so  many 
meridian  semicircles^  a,  b^  c,  rf,  e^f  g^  &c.  one^h^nN 
of  which  being  the  geographical  meridian  of  principle 
any  given  place^  as  London,  which  is  supposed  ^v  which 
to  be  at  the  point  a  ;  and  if  the  hours  of  XII  de^eiuif. 
were  marked  at  the  equator,  both  upon  that 
meridian  and  the  opposite  one^  and  all  the  rest 
of  the  hours  in  order  on  the  rest  of  the  meri- 
dians, those  meridians  would  be  the  hour-cir- 
cles of  London ;  then,  if  the  sphere  had  an 
opaque  axis,  as  PEpy  terminating  in  the  poles 
P  and  Pj  the  shadow  of  the  axis  would  fall 
upon  every  particular  meridian  and  hour,  when 
the  sun  came  to  the  plane  of  the  opposite  me- 
ridian, and  would  consequently  shew  the  time 
at  London,  and  at  all  other  i>laces  on  the  me* 
ridian  of  London. 

If  this  sphere  were  cut  through  the  middle  ffontrntoi 
by  a  solid  plane  •SLBCDf  in^  the  rational  hori-  *''"'* 
zon  of  London,  one  half  of  the  axis  EP  would 
be  above  the  plane,  and  the  other  half  below 
it;  and  if  straight  lines  were  drawn  from  the 
centre  of  the  plane,  to  those  points  where  the 
circumference  is  cut  by  the  hour-circles  of  the 
sphere,  those  lines  would  be  the  hour-lines  of 
a  horizontal  dial  for  London :  for  the  shadow 
of  the  axis  would  fall  upon  each  pai-ticular 
hour-line  of  the  dial,  when  it  fell  upon  the 
like  hour-circle  of  the  sphere* 

If  the  plane  which  cuts  the  sphere  be  upright,  Fig.  3. 
at  AFCGf  touching  the  given  place  (London) 
at  JP,  and  directly  facing  the  meridian  of  Lon- 
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don,  it  will  then  become  the  plane  of  an  erect- 

direct  south  dial ;  and  if  right  lines  be  drawn 

Vertical    from  its  ct'ntre  JE,  to  those  points  of  its  circum- 

dtai.         ference  where  the  honr-circlcs  of  the  sphere  cut 

it,  tliese  will  be  the  liour-lines  of  a  vertical  or 

direct  south  dial  for  London,  to  which  the  hours 

are  to  be  set  as  in  the  figure,  (contrary  to  those 

on  a  horizontal  dial)  and  the  lower  half  £p  of 

the  axis  will  cast  a  shadow  on  the  hour  of  the 

day  in  this  dial,  at  the  same  time  that  it  would 

fall  upon  the  like  hour-circle  of  the  sphere,  if 

the  dial-plane  were  not  in  the  way. 

Jnchninjr       If  the  plane  (still  facing  the  meridian)  be 

Ti^ diat^  ^^^^'  ^^  in^lin^^  or  recline,  by  any  given  num- 
ber of  degrees,  the  hour-circles  of  the  sphere 
will  still  cut  the  edge  of  the  plane  in  those 
points  to  which  the  hour-lines  must  be  drawn 
straight  from  the  centre ;  and  the  axis  of  the 
sphere  will  cast  a  shadow  on  these  lines  at  the 

DecHfdnff  respective  hours.  The  like  will  still  hold,  if 
^'  the  plane  be  made  to  decline  by  any  given 
number  of  degrees  from  the  meridian,  toward 
the  east  or  west ;  provided  the  declination  be 
less  than  00  degrees,  or  the  reclination  be  less 
than  the  co-latitude  of  the  place  :  and  the  axis 
of  the  sphere  will  be  a  gnomon,  or  stile,  for 
the  dial.  But  it  cannot  be  a  gnomon,  when 
the  declination  is  quite  90  degrees,  nor  when 
the  reclination  is  equal  to  the  co-latitude ;  be- 
caus^,  in  these  two  cases,  the  axis  has  no  ele- 
vation above  the  plane  of  the  dial. 

And  thus  it  appears,  that  tlie  plane  of  every 
dial  represents  the  plane  of  some  great  circle 
upon  the  earth ;  and  the  gnomon  \he  earth's 
axis,  whether  it  be  a  small  wire,  as  in  the  above 
figures,  or  the  edge  of  a  tliin  plate,  as  in  the 
common  horizontal  dials. 
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The  whole  earthy  as  to  its  bulk,  is  but  a  point,  Px^teXIc. 
if  compared  to  its  distance  from  the  sun ;  and, 
therefore,  if  a  small  sphere  of  glass  be  placed 
upon  any  part  of  the  earth's  surface,  so  that  its 
axis  be  parallel  to  the  axis  of  the  earth,  and 
the  sphere  have  such  lines  upon  it,  and  such 
planes  within  it,  as  above  described,  it  will 
shew  the  hours  of  the  day  as  truly  as  if  it  were 
placed  at  the  earth's  centre,  and  the  shell  of 
(he  earth  were  as  transparent  as  glass. 

But  because  it  is  impossible  to  have  a  hollow  Fig.  2, 3. ' 
sphere  of  ^lass  perfectly  true,  blown  round  a 
solid  plane :  or  if  it  were,  we  could  not  get  at 
the  plane  within  the  glass  to  set  it  in  any  giv- 
en position ;  we  make  use  of  a  wire-sphere  to 
explain  the  principles  of  dialing,  by  joining 
84  semicircles  together  at  the  poles,  and  put* 
ting  a  tbin  flat  plate  of  brass  within  it. 

Dialing  by  the  common  Ten^estrial  Globe. 

A  common  globe,  of  IS  inches  diameter,  has 
generally  S4  meridian  semicircles  drawn  upon 
it.  If  such  a  globe  be  elevated  to  the  latitude 
of  any  given  place,  and  turned  about  until  any 
one  of  these  meridians  cuts  the  horizon  in  the 
north  point,  where  the  hour  of  XII  is  supposed 
to  be  marked,  the  rest  of  the  meridians  will  cut 
the  horizon  at  the  respective  distances  of  all 
the  other  hours  from  XII.  Then,  if  these  points 
of  distance  l)e  marked  on  the  horizon,  and  the 
globe  be  taken  out  of  the  horizon,  and  a  flat 
board  or  plate  be  put  into  its  place,  even  with 
the  surface  of  the  horizon,  and  if  straight  lines 
be  drawn  from  the  centre  of  the  board  to  those 
points  of  distance  on  the  horizon  which  wcro 
cut  by  the  S4«  meridian  semicircles,  these  liaea 


0  •    Of  Dialing: 

will  be  the  hourJines  of  a  horizontal  dial  for 
that  latitude^  the  edge  of  whose  gnomon  mart 
be  in  the  very  same  situation  with  that  of  the 
axis  of  the  globe  before  it  was  taken  out  of  the 
horizon :  that  is^  the  gnomon  must  make  an  an- 
gle with  the  plane  of  the  dial^  equal  to  the  la- 
titude of  the  place  for  which  the  dial  is  made. 
If  the  pole  of  the  globe  be  elevated  to  the 
co-latitude^  of  the  given  place^  and  any  meri- 
dian be  brought  to  the  north  point  of  the  hbri- 
zon,  the  rest  of  the  meridians  will  cut  the  ho- 
rizon in  the  respective  distances  of  all  the  hours 
from  XII^  for  a  direct  south  dial,  whose  gnomon 
must  make  an  angle  with  the  plane  of  the  dial^ 
equal  to  the  co-latitude  of  the  place ;  and  the 
hours  must  be  set  the  contrary  way  on  this  di- 
al, to  what  they  are  on  the  horizontal* 

But  if  your  globe  have  more  than  24  meri- 
dian semicircles  upon  it,  you  must  take  the 
following  method  for  making  horizontal  and 
south  dials  by  it. 
To  con.  Elevate  the  pole  to  the  latitude  of  your  place^ 
^h^Moiuai  ^^^  ^^^^  ^^^  globe  until  any  particular  meridian 
dial.  (suppose  thc  first)  comes  to  the  north  point  of 
the  horizon,  and  the  opposite  meridian  will  cut 
the  horizon  in  the  south.  Then,  set  the  hour- 
index  to  the  uppermost  XII  on  its  circle ;  which 
done,  turn  the  globe  westward  until  19  degrees 
of  the  equator  pass  under  the  brazen  meridian^ 
and  then  the  hour-index  will  be  at  I,  (for  the 
sun  moves  15  degrees  every  hour)  and  the  first 
meridian  will  cut  the  horizon  in  the  number  of 
degrees  from  the  north  point,  that  I  is  distant 
from  XII.  Turn  on  until  other  15  degrees  of 
tlie  equator  pass  under  the  brazen  meridian^ 

•  If  the  Vititude  be  subtracted  from  90  degrees,  the  rcmaino 
der  is  caUcd  the  co>latitude«  or  coroplcment  of  the  latitude. 
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and  the  hour-index  will  then  be  at  11^  and  the 
first  meridian  will  cut  the  horizon  in  the  num- 
ber of  degrees  that  II  is  distant  from  XII :  and 
tfaos^  by  making  15  degrees  of  the  equator  pass 
under  the  brazen  meridian  for  every  hour,  the 
first  meridian  of  the  globe  will  cut  the  horizon 
in 'the  distances  of  all  the  hours  from  XII  to 
YI,  which  is  just  90  degrees ;  and  then  you 
need  go  no  farther,  for  the  distances  of  XI,  X, 
IX,  Vm,  VII,  and  VI,  in  the  forenoon,  are 
the  same  from  XII,  as  the  distances  of  I,  II, 
ni,  rV,  V,  and  VI,  respectively,  in  the  aftcr- 
iboon :  and  these  hour- lines  continued  through 
the  centre,  will  give  the  opposite  hour-lines  on 
the  other  half  of  the  dial :  but  no  more  of  these 
Hues  need  be  drawn  than  what  answer  to  the 
sun^s  continuance  above  the  horizon  of  your 
place  on  the  longest  day,  which  may  be  easily 
found  by  the  sBth  problem  of  the  foregoing 
lecture. 

Thus,  to  make  a  horizontal  dial  for  the  lati- 
tude of  London,  which  is  51  ^  degrees  north, 
elevate  the  north  pole  of  the  globe  51^  degrees 
above  the  north  point  of  the  horizon,  and  then 
tarn  the  globe,  until  the  first  meridian  (which 
is  that  of  London  on  the  English  terrestrial 
globe)  cuts  the  north  point  of  the  horizon,  and 
set  the  hour-index  to  XII  at  noon* 

Then,  turning  the  globe  westward  until  the 
index  points  successively  to  I,  II,  HI,  IV,  V, 
and  VI,  in  the  afternoon ;  or  until  1 5,  30,  45, 
60,  7S^  and  90  degrees  of  the  equator  pass  un- 
der the  brazen  meridian,  you  will  find  that  the 
first  meridian  of  the  globe  cuts  the  horizon  in 
the  following  number  of  degrees  from  the  north 
towards  the  east,  viz.  11|,  24i,  38^^?^,  53^,  71tV? 
and  90 ;  which  are  the  respective  distances  of 
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Plate    thc  above  hours  from  XII  upon  the  plane  of 

^^^'        the  horizon. 

Fig.  1.  To  transfer  these^  and  the  rest  of  the  houvs^ 

to  a  horizontal  plane — draw  the  parallel  right 
lines  ac  and  bd  upon  that  plane^  as  far  from 
each  other  as  is  equal  to  the  intended  thick- 
ness of  the  gnomon  or  stile  of  the  dial;  and  the 
space  included  between  them  will  be  the  me- 
ridian or  XII  o'clock  line  on  the  dial.  Cross 
this  meridian  at  right  angles  with  the  VI  o^clock 
line  §hj  and  setting  one  foot  of  your  compasses 
in  the  intersection  a^  as  a  centre,  describe  the 
quadrant  ge  with  any  convenient  radius  or 
opening  of  the  compasses :  then,  setting  one 
foot  in  the  intersection  h^  as  a  centre,  with  thc 
same  radius  describe  the  quadrant /A,  and  di- 
vide each  quadrant  into  90  equal  pai'ts  or  de- 
grees, as  in  the  figure. 

Because  the  hour-lines  are  less  distant  from 
each  other  about  noon,  than  in  any  other  part 
of  the  dial,  it  is  best  to  have  the  centres  of  these 
quadrants  at  a  little  distance  from  the  centre 
of  the  dial-plane,  on  the  side  opposite  to  XII, 
in  order  to  enlarge  the  hour-distances  there- 
abouts under  the  i&ame  angles  on  the  plane. — 
Thus,  the  centre  of  the  plane  is  at  C,  but  thc 
centres  of  the  quadrants  at  a  and  h. 

Lay  a  mle  over  the  point  6,  (and  keeping  it 
there  for  the  centre  of  all  the  afternoon-hours 
in  the  quadrant  fhj  draw  the  hour-line  of  I, 
through  li|  degrees  in  the  quadrant;  the  hour- 
line  of  n^  tlirough  S41  degrees ;  of  III,  through 
^TT  degrees ;  IV,  through  534,  and  V,  through 
71 -r\  '*  Aud  because  the  sun  rises  about  four  in 
the  morning,  on  the  longest  days  at  London, 
continue  the  hour-lines  of  IV  and  V,  in  the 
afternoon,  tlirough  the  centre  h  to  the  opposite 
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side  of  the  dial. — ^This  done^  lay  the  rule  to 
the  centre  a^  of  the  quadrant  eg^  and  through 
the  like  divisions  or  degrees  of  that  quadrant^ 
viz.  114,  ^h  38-rV,  53^,  and  71tV>  draw  the 
forenoou-hour-lines  of  XI,  X,  IX,  VHI,  and 
YII;  and  because  the  sun  sets  not  before  eight 
in  the  evening  on  the  lougest  days,  continue 
the  hour-lines  of  VII  and  VIII  in  the  after- 
noon, through  the  centre  a,  to  VII  and  VUI 
in  the  afternoon ;  and  all  the  hour-lines  will 
be  finished  on  this  dial ;  to  which  the  hours 
may  then  be  set,  as  iu  the  figure. 

Lastly,  through  oi^  degrees  of  either  quad- 
rant, and  from  its  centre,  draw  the  right  line 
ag  for  the  hypothenuse  or  axis  of  the  gnomon 
agt;  and  from  g^  let  fall  the  perpendicular^', 
npon  the  meridian-line  a/,  and  there  will  be  a 
triangle  made,  whose  sides  are  ag^  gi^  and  at. 
If  a  plate,  similar  to  tliis  triangle,  be  made  as 
thick  as  the  distance  between  the  lines  ac  and 
hdy  and  set  upright  between  them,  touching  at 
a  and  A,  its  hypothenuse  ag  will  be  parallel  to* 
the  axis  of  the  world,  when  the  dial  is  truly 
set;  and  will  cast  a  shadow  on  the  hour  of  the 
day. 

J^.  B.  The  trouble  of  dividing  the  two  quad- 
rants may  be  saved,  if  you  have  a  scale  with  a 
line  of  chords  upon  it,  such  as  that  on  the 
right  hand  of  the  plate ;  for  if  you  extend  the 
compasses  from  0  to  60  degrees  on  the  line  of 
chords,  and  with  that  extent,  as  a  radius,  de- 
scribe the  two  quadrants  from  their  respective 
centres,  the  above  distances  may  be  taken  with 
the  compasses  upon  the  line,  and  set  off  upon 
the  quadrants.^ 

•  The  hour-an^lea  on  a  dial,  or  any  other  plane  angle,  may, 
with  great  accuracy,  ^  laid  off  by  means  of  a  line  of  equal  part8, 
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Pmtb  Xo  make  an  erect-direct  south  rfzoi.— — Ele- 

Fig.  2.     ^^^  th^  V^^  ^^  ^he  co-latitude  of  your  place. 
To  con.    and  proceed  in  all  respects  as  above  taught 
cl^t^u*  fo*'  *'^®  horizontal  dial,  from  VI  in  the  morn* 
reel  Bouth  ing  to  VI  in  the  afternoon,  ohly  the  hours  must 
^*^'        Be  reversed,  as  in  the  figure ;  and  the  hypo- 
thenuse  ag^  of  the  gnomon  agf,  must  make  an 
angle  with  the  dial-plane,  equal  to  the  co-lati- 
tude of  the  place.    As  the  sun  can  never  shine 
longer  on  this  dial  than  from  six  in  the  morn- 
ing till  six  in  the  evening,  there  is  no  occa* 
fiion  for  having  any  more  than  IS  hours  upon 
it.* 
To  con-        To  make  an  erecUdialy  decUmng  from  the 
efSct  de?  *^**'A  toward  the  east  or  west. — ^Elevate  the 
dining     pole  to  the  latitude  of  your  place,  and  screw 
^^*        the  quadrant  of  altitude  to  the  zenith.     Then, 
if  your  dial  decline  toward  the  east,  (which 
we  shall  suppose  it  to  do  at  present)  count  in 
the  horizon  the  degrees  of  declination,  from 
^  the  east  point  toward  the  north,  and  bring  the 
^wer  end  of  the  quadrant  to  that  degree  of  de* 
clination  at  which  the  reckoning  ends.     This 
done,-  bring  any  particular  meridian  of  your 
globe  (as  suppose  the  first  meridian)  directly 

thus  :— From  the  angular  point  as  a  centre,  with  the  radius  57i 
taken  from  any  convenient  line  of  equal  parts,  describe  an  arch, 
on  which  apply  the  chord  of  the  given  angle,  if  not  exceeding  30^, 
taken  from  the  same  line  of  equal  parts,  calling  each  part  or  di« 
vision  a  degree ;  hut  if  the  given  angle  exceed  30^  or  60**,  you 
•are  first  to  apply  the  radius  (which  is  always  equal  to  the  chord 
of  60^)  and  then  apply  the  chord  of  the  difference  between  60^ 
and  the  given  angle,  forwards  or  backwards*  according  as  the 
given  angle  is  greater  or  less  than  60^,  and  then  the  two  radii 
drawn  through  the  extremities  of  tlie  arch  thus  measured  off 
will  contain  the  given  angle,  very  nefirly.  See  Trans.  Am.  Phil. 
Soc.  vol.  6,  part  1.— A.  Ed. 

*  A  new  and  very  simple  geometrical  method  of  constructing 
sun-dials  may  be  seen  in  our  author's  Mechanical  Exercises,  p. 
94.— £.  Ei>. 
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under  the  graduated  edge  of  the  upper  part  of 
the  brazen  meridian^  and  set  the  hour-index  to 
Xn  at  noon.  Then^  keeping  the  quadrant  of 
altitude  at  the  degree  of  declination  in  the  ho* 
rizon^  tnn^  the  globe  eastward  on  its  axis^  and 
observe  the  degrees  cut  by  the  first  meridian  in 
the  quadrant  of  altitude^  (counted  from  the  ze- 
nith) .as  the  hour-index  comes  to  XI^  X^  IX^ 
&c.  in  the  forenoon,  or  as  15^  30^  45;  &c.  de- 
grees of  the  equator  pass  under  the  *  brazen 
meridian  at  these  hours  respectively ;  and  the 
degreei  then  cut  in  the  quadrant  by  the  first 
meridian^  are  the  respective  distances  of  the 
forenoon-hoars  from  XII  on  the  plane  of  the 
dial.  Then^  for  the  afternoon-hours,  turn  the 
quadrant  of  altitude  round  the  zenith  until  it 
comes  to  the  degree  in  the  horizon  opposite  to 
that  where  it  was  placed  before ;  namely,  as 
far  from  the  west  point  of  the  horizon  toward 
the  south,  as  it  was  set  at  first  from  the  east 
point  toward  the  north;  and  turn  the  globe 
westward  on  its  axis,  until  the  first  meridian 
comes  to  the  brazen  meridian  again,  and  the 
hour-index  to  Ail :  then,  continue  to  turn  the 
globe  westward,  and  as  the  index  points  to  the 
afternoon-hours  I,  II,  III,  &c.  as  10,  80,  49, 
&c.  degrees  of  the  equator  pass  under  the  bra« 
zen  meridian,  the  first  meridian  will  cut  the 
quadrant  of  altitude  in  the  respective  number 
of  degrees  from  the  zenith,  that  each  of  these 
hours  is  from  XII  on  the  dial.-^And  note,  that 
when  the  first  meridian  goes  off  the  quadrint 
at  the  horizon,  in  the  afternoon,  the  hour-index 
shews  the  time  when  the  sun  will  come  upon 
this  dial ;  and  when  it  goes  off  the  quadrant  in 
the  afternoon,  the  index  will  point  to  the  time 
when  the  sun  goes  off  the  dial. 
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Having  tbus  found  all  the  hoiir-dtstances 
from  XII^  lay  them  down  upon  your  dial- 
plate^  either  by  dividing  a  semicircle  into  two 
quadrants  of  90  degrees-each  (beginning  at  the 
hour-line  of  XII  );f  or  by  the  line  of  chords  (or 
equal  parts),  as  above  directed. 

In  all  declining  dials^  the  line  on  which  the 
stile  or  gnomon  stands^  (comtnonly  called  the 
substileMneJ  makes  ah  angle  with  the  twelve 
o'clock*  line^  and  falls  among  the  forenoon- 
hour^-lines^  if  the  dial  declines  toward  the  east ; 
and  among  the  afternoon-hour-lines,  when  the 
dial  declines  toward  the  west ;  that  is,  to  the 
left  hand  from  the  twelve  o'clock  line  in  the 
former  case,  and  to  the  right  hand  from  it  in 
the  latter. 

To  find  the  distance  of  the  substile  from  the 
twelve  o'clock  line ;  when  your  dial  declines 
from  the  south  toward  the  east,  count  the  de- 
grees of  that  declination  in  the  horizon  from 
the  east  point  toward  the  north,  and  bring  the 
lower  end  of  the  quadrant  of  altitude  to.  that 
degree  of  declination  where  the  reckoning 
ends  :  then  turn  the  globe  until  the  first  meri- 
dian cuts  tlie  horizon  in  the  like  number  of  de^ 
grees,  counted  from  the  south  point  towanl  the 
east ;  and  the  quadrant  and  first  meridian  will 
then  cross  one  another  at  right  iEingles,  and  the 
number  of  degreed  of  the  quadrant,  which  are 
intercepted  between  the  first  meridian  and  the 
zenith,  is  equal  to  the  distance  of  the  substile- 
line  from  the  twelve  o'clock  line ;  and  the 
number  of  degrees  of  the  first  meridian,  which 
are  intercepted  between  the  quadrant  and  the 
porth  pole,  is  equal  to  the  elevation  of  the 
atile  above  the  plane  Qf  the  dittl. 
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When  the  dial  declines  westward  from  the 
souths  count  that  declination  '  from  the  east 
point  of  the  horizon  towards  the  souths  and 
bring  the  quadrant  of  altitude  to  the  degree  in 
the  horia^n  at  which  the  reckoning  ends ;  both 
for  finding  the  forenoon-hours^  and  the  distance 
of  the  substile  from  the  meridian  :  and  for  the 
afternoon-hours^  bring  the  quadrant  to  the  op^ 
posite  degree  in  the  horizon^  namely,  as  far 
from  the  west  toward  the  north;  and  then  pro- 
ceed in  all  respects  as  above. 

Thns;  we  have  finished  our  declining  dial ; 
and  in  so  doing,  have  made  four  dials/ viz. 

i.  A  north  dial,  declining  eastward  by  the 
same  number  of  degrees.  S.  A  north  dial,  de- 
clining the  same  number  west.  3.  A  south  di* 
aly  declining  east.  And,  4.  A  south  dial,  de- 
clining west.  Only,  placing  the  proper  num- 
ber of  hours,  and  the  stile  or  gnomon  respect- 
ively, upon  each  plane.  For,  (as  above-men- 
tioned) in  the  south-west  plane,  the  substile- 
line  falls  among  the  afternoon-hours;  and  in 
the  south-east,  of  the  same  declination,  among 
the  forenoon-hours,  at  equal  distances  from 
Xn.  And  thus,  all  the  morning- hours  on  the 
west  decliner  will  be  like  the  afternoon-hours 
on  the  east  decliner;  the  south-east  decliner 
will  produce  the  north*-west  decliner ;  and  the 
south-west  decliner,  the  north-east  decliner, 
by  only  extending  the  hour-lines,  stile  and 
substile,  quite  through  the  centre :  the  axis  of 
the  stile,  (or  edge  that  casts  the  shadow  on  the 
hour  of  the  day)  being,  in  all  dials  whatever, 
parallel  to  the  ftxis  of  the  world,  and  conse- 
quently  pointing  toward  the  north  pole  of  the 
heavens  in  north  latitudes,   and  toward  the 
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Plats    fiooth  pole^  in  south  latitades.     See  mare  qf 
^^       this  in  the  following  lecture. 

An  easy  method  of  constructing  dials,  by  means 

of  a  diuling-scale. 

But  because  every  one  Vfho  would  like  to 
make  a  dial^  may  not  perhaps  be  provided  with 
a  globe  to  assist  him^  and  may  not  understand 
the  method  of  doing  it  by  logarithmic  calcula- 
tion ;  we  shall  shew  how  to  perform  it  by  the 
plain  dialing-lines^  or  scale  of  latitudes  and 
hours ;  such  as  those  on  the  right  hand  of  Fig» 
%  in  Plate  XXI,  or  at  the  top  of  I^late  XXII, 
and  which  may  be  had  on  scales  commonly  sold 
by  the  mathematical  instrument  makers. 

This  is  the  easii^st  of  all  mechanical  methods, 
lind  by  much  the  best,  when  the  lines  are  truly 
divided :  not  only  the  half  hours  and  quarters 
may  be  laid  down  by  all  of  them,  but  every 
fifth  minute  by  most,  and  every  single  minute 
by  those  where  the  line  of  houi«  is  a  foot  in 
length, 
^ig.  3.  Having  drawn  your  double  meridian-line 
abf  cdy  on  the  plane  intended  for  a  horizontal 
dial,  and  crossed  it  at  right  angles  by  the  six 
o'clock  line/e,  (as  in  Fig.  1.)  take  the  latitude 
of  your  place  with  the  compasses,  on  the  scale 
of  latitudes,  and  set  that  extent  from  c  to  a, 
and  from  a  to  /,  on  the  six  o'clock  line :  then, 
taking  the  whole  six  hours  between  the  points 
of  the  compasses  on  the  scale  of  hours,  with 
that  extent  set  one  foot  in  the  point  e,  and  let 
the  other  foot  fall  where  it  will  iipon  the  me- 
ridian-line cdy  as  at  d.  Do  the  same  from  /  to' 
ft,  and  draw  the  right  lilies  ed  and/ft^  each  of 
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which  will  be  equal  in  length  to  the  whole  Pi-a.tk 


scale  of  hours.  This  done^  setting  one  foot  of 
the  compasses  in  the  beginning  of  the  scale  at 
XII^  and  extending  the  other  to  each  hour  on 
the  scale^  lay  off  these  extents  from  d  to  e  for 
the  afternoon-hours^  and  from  b  to  f  for  those 
of  the  forenoon  :  this  will  divide  the  liries  de 
and  bf  in  the  same  manner  as  the  hour-scale  is 
divided^  as  1^  2,  3^  4^  5^  and  6^  on  which  the 
quarters  may  also  be  laid  down^  if  required. — 
Then^  laying  a  rule  on  the  point  c,  draw  the 
first  five  hours  in  the  afternoon^  from  that  point, 
throDgh  the  dots  at  the  numeral  figures  1,2,3^ 
%  6y  on  the  line  de  ;  and  continue  the  lines  of 
IV  and  y  through  the  centre  c  to  the  other 
side  of  the  dial,  for  the  like  hours  of  the  morn- 
ing ;  which  done,  lay  the  rule  on  the  point  a, 
and  draw  the  last  five  hours  in  the  forenoon 
through  the  dots  5,  %  3,2^1^  on  the  line  fb  ; 
continuing  the  hour-lines  of  YII  and  YIII 
through  the  centre  a  to  the  other  side  of  the 
dial,  for  the  like  hours  of  the  evening;  and 
set  the  hours  to  their  respective  lines  as  in  the 
figure.  Lastly,  make  the  gnomon  the  same 
way  as  taught  above  for  the  horizontal  dial, 
and  the  whole  will  be  finished. 

To  make  an  erect  south  dial,  take  the  co-la- 
titnde  of  your  place  from  the  scale  of  latitudes, 
and  then  proceed  in  all  respects  for  the  hour- 
lines,  as  in  the  horizontal  dial ;  only  reversing 
the  hours,  as  in  Fig.  S. ;  and  making  the  angle 
of  the  stile's  height  equal  to  the  co-latitude. 

I  have  drawn  out  a  set  of  dialing-lines  upon 
the  top  of  Plate  XXII  large  enough  for  making 
a  dial  of  nine  inches  diameter,  or  more,  if  re- 
quired; and  have  drawn  them  tolerably,  exact 
for  common  practice,  to  every  quarter  of  an  hour. 
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Pi^TB  This  scale  may  be  cut  off  from  the  plate^  and 
pasted  upon  wood^  or  upon  the  inside  of  one 
of  the  boards  of  this  book ;  and  then  it  will  be 
somewhat  more  exact  than  it  is  on  the  plate^ 
for  being  rightly  divided  upon  the  copper-plate^ 
and  printed  ofi'  on  wet  paper^  it  shrinks  as  the 
paper  dries ;  but  when  it  is  wetted  again,  it 
stretches  to  the  same  size  as  when  newly  print- 
ed ;  and  if  pasted  on  while  wet^  it  will  remain 
of  that  size  afterward. 

But  lest  the  young  dialist  should  have  neither 
globe^  nor  wooden  scale^  and  should  tear  or 
otherwise  spoil  the  paper  one  in  pasting,  we 
shall  now  shew  him  how  he  may  make  a  dial 
without  any  of  these  helps.  Only,  if  he  have 
not  a  line  of  chords,  (or  d^ual  parts)  he  must 
divide  a  quadrant  into  90  equal  parts  or  de- 
grees for  taking  the  proper  angle  of  the  stile's 
elevation,  which  is  easily  done. 

Tigr.  4.  With  an  opening  of  the  compasses  at  ZL^ 
describe  the  two  semicircles  LFk  and  LQJCn 
upon  the  centres  Z  and  ^,  where  the  six  o'clock 
line  crosses  the  double  meridian-line,  and  divide 

Horiz(Hi-  each  semicircle  into  12  equal  parts,  beginning  at 

ui  diA .  j^,  though,  strictly  speaking,  only  the  quadrants 
from  L  to  the  six  o'clock  line  need  be  divided  : 
then  connect  the  divisions  which  are  equi-distant 
from  Z,  by  the  parallel  lines  KM,  IJ^T,  HO,  GP. 
and  JFQ.  Draw  VZ  for  the  hypothenuse  of  the 
stile,  making  the  angle  VZE  equal  to  the  lati- 
tude  of  your  place ;  and  continue  the  line  VZ 
to  R.  JDraw  the  line  Rr  parallel  to  the  six 
o'clock  line,  and  set  off  the  distance  aK  from  Z 
to  Y,  the  distance  hi  from  Z  to  Xj  cH,  from  Z 
to  W,  dG  from  Z  to  T,  and  ^^Ffrom  Z  to  S. 
Then  draw  tlie  lines  Ssy  Tt,  Wwy  Xx,  and  Yy^ 
each  parallel  to  Rv.     Set  off  the  distance  yY 
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iVom  a  to  H,  and  from/ to  1 :  the  distance  a'A'P/^TE 
from  b  to  10,  and  from  ,§•  to  2 ;  w  W  from  c  to  9,  ^^* 
and  from  hto  3;  tT  from  (2  to  8,  and  fr'om  i  to 
4 ;  sS  from  e  to  7^  and  from  n  to  5.  Then, 
laying  a  rule  to  the  centre  Z,  draw  the  fore- 
noon-hour-lines through  the  points  11,  10,  9, 
8,  7 ;  and  laying  it  to  the  centre  «,  draw  the 
afternoon-lines  through  the  points  1,  S,  3,  4,  ii ; 
continuing  the  forenoon-lines  of  YII  and  YIII 
through  the  centre  Z^  to  the  opposite  side  of 
the  dial,  for  the  like  afternoon-hours  ;  and  the 
afternoon-lines  IV  and  V  througli  the  centre  %^ 
to  the  opposite  side,  for  tlie  like  morning-hours. 
Set  the  hours  to  these  lines  as  in  the  figure, 
and  then  erect  the  stile  or  gnomon,  and  the 
horizontal  dial  will  be  finished. 

To  construct  a  south  dial,  draw  the  lines  South  dial. 
VZ^  making  an  angle  with  the  meridian  ZLy 
equal  to  the  co-latitude  of  your  place,  and  pro- 
ceed in  all  respects  as  in  the  above  horizontal 
dial  for  the  same  latitude,  reversing  the  hours 
as  in  Fig.  3,  and  making  the  elevation,  of  the 
gnomon  eqnal  to  the  co-latitude. 

Perhaps  it  may  not  be  unaccepta1)le  to  ex- 
plain  the  method  of  constructing  the  dialing- 
lines,  and  some  others ;  which  is  as  follows  : 

With  any  opening  of  the  compasses,  as  -E«4,  Plate 
according  to  the  intended  length  of  the  scale,  J5j^"j 
describe  the  circle  jLDCB,  anci  cross  it  at  right  oiaiinf^' 
angles  by  the  diameters  CEA  and  DEB.    i)i-  ^;,',^^';,i'°^ 
vide  the  qnadrant  dB  first  into  9  equal  parts,  cd 
and  then  each  part  into  10;  so  shall  the  qnad- 
rant be  divided  into  90  equal  parts  or  degrees. 
Draw  the  right  line  jIFB  for  the  chord  of  this 
quadrant,  and,  setting  one  foot  of  the  compasses 
in  the  point  .J,  extend  the  other  to  the  several 
divisions  of  the  quadrant,  and  transfer  these 

VOL.  IT.  D 
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divisions  to  the  line  •S.FB  by  the  arcs  10  10^ 
SO  20y  &c.  and  this  will  be  a  lifie  of  chords, 
divided  into  90  unequal  parts;  which,  if  trans- 
ferred  from  the  line  back  again  to  the  quadrant, 
will  divide  it  equally.  It  is  plain  by  the  figure, 
that  the  distance  from  ^d  to  60  in  the  line  of 
chords  is  just  equal  to  •d£,  the  radius  of  the 
circle  from  which  that  line  is  made :  for,  If  the 
arc  60  60  be  continued,  of  which  Jl  is  the  cen- 
tre, it  goes  exactly  through  the  centre  E  of  the 
arc  •AB. 

And,  therefore,  in  laying  down  any  number 
of  degrees  on  a  circle,  by  the  line  of  chords, 
you  must  first  open  the  compasses,  so  as  to 
take  in  just  60  degrees  upon  that  line,  as  from 
A  to  60 :  and  then,  with  that  extent,  as  a  ra- 
dius, describe  a  circle  which  will  be  exactly  of 
the  same  size  with  that  from  which  the  line 
was  divided :  which  done,  set  one  foot  of  the 
compasses  in  the  beginning  of  the  chord-line, 
as  at  ftd,  and  extend  the  other  to  tlie  numlier  of 
degrees  you  want  upon  the  line,  which  extent, 
applied  to  the  circle,  will  include  the  like 
number  of  degrees  upon  it. 

Divide  the  quadrant  CD  into  90  equal  parts, 
and  from  each  point  of  division  draw  right  lines 
as  i.  At,  /,  &c.  to  the  line  CE ;  all  perpendicu- 
lar to  that  line,  and  parallel  to  J9£,  which  will 
divide  EC  into  a  line  of  sines ;  and  although 
these  are  seldom  put  among  the  dialing-lines 
on  a  scale,  yet  they  assist  in  drawing  the  line 
of  latitudes.  For,  if  a  rule  be  laid  upon  the 
point  J9,  and  over  each  division  in  the  line  of 
sines,  it  will  divide  the  quadrant  CB  into  90 
unequal  parts,  as  JBa,  ab,  &c.  shewn  by  the 
right  lines  10  a,  SO  6,  30  c,  &c.  drawn  along 
the  edge  of  the  rule.    If  the  right  line  BC  be 
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drawn^  subtending  this  quadrant,  and  the  near-  p^^** 
est  distances  Ba^  Bb,  Ccy  &c.  be  taken  in  the  ^^°' 
compasses  from  By  and  set  upon  this  line  in 
the  same  manner  as  directed  for  the  line  of 
chords,  it  will  make  a  line  of  latitudes  BCf 
equal  in  length  to  the  line  of  chords  JLB^  and 
of  an  equal  number  of  divisions,  but  very  un« 
equal  as  to  their  lengths. 

Draw  the  right  line  DGAj  subtending  the 
quadrant  BA;  and  pai-allel  to  it,  draw  the  right 
line  r^  touching  the  quadrant  BA  at  the  nu- 
meral figure  8.  Divide  this  quadrant  into  six 
equal  parts,  a^  1,  S,  3,  &c.  and  through  these 
points  of  division  draw  right  lines  from  the 
centre  J5  to  the  line  r^,  which  will  divide  it  at 
the  points  where  the  six  hours  are  to  be  placed, 
as  in  the  figure.  If  every  sixth  part  of  the 
quadrant  be  subdivided  into  fiaur  equal  parts^ 
right  lines  drawn  from  the  centre  through  these 
points  of  division,  and  continued  to  the  line  r9y 
will  divide  each  hour  upon  it  into  quarters. 

In  Fig.  2.  we  have  the  representation  of  a  a  dial  cm 
portable  dial,  which  may  be  easily  drawn  on  & '^'2. 
card,  and  carried  in  a  pocket-book.  The  lines 
ady  aJby  and  6c,  of  the  gnomon,  must  be  cut 
quite  through  the  card ;  and  as  the  end  ah  of 
the  gnomon  is  raised  occasionally  above  the 
plane  of  the  dial,  it  turns  upon  the  uncut  line 
ed  as  on  a  hinge.  The  dotted  line  AB  must  be 
slit  quite  through  the  cardy  and  the  thread  must 
be  put  through  the  slit,  and  have  a  knot  tied 
behind,  to  keep  it  from  being  easily  drawn  out 
On  the  other  end  of  this  thread  is  a  small  plum* 
met  H,  and  on  the  middle  of  it  a  small  bead  for 
shewing  the  tin^e  of  the  day. 

To  rectify  this  dial,  set  the  thread  in  the  slit 
right  against  the  day  of  the  month,  and  stretch 
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xxjT*  *^^  thread  from  the  day  of  the  montli  over  the 
angular  point  where  the  curve-lines  meet  at 
XII^  then  shift  the  bead  to  that  point  on  the 
thready  and  the  dial  will  be  rectified. 

To  find  the  hour  of  the  day,  raise  t)ic  gno^ 
mon^  (no  matter  how  much  or  how  little)  and 
hold  the  edge  of  the  dial  next  the  gnomon  to- 
ward the  sun,  so  as  the  uppermost  edge  of  the 
shadow  of  the  gnomon  may  just  cover  the  aha- 
dowMne  ;  and  the  bead  then  playing  freely  on 
the  face  of  the  dial^  by  the  weight  of  the  plum- 
met,  will  shew  the  time  of  the  day  among  the 
hour-lines,  as  it  is  forenoon  or  afternoon. 

To  find  the  time  of  sun-rising  and  setting, 
move  the  thread  among  the  hour-lines,  until  it 
either  covers  some  one  of  them,  or  lies  parallel 
betwixt  any  two;  and  then  it  will  cut  the 
time  of  sun-rising  among  the  forenoon-hours, 
and  of  8un-settiug  among  the  afternoon-hours, 
pn  that  day  of  the  year  for  which  the  thread  is 
set  in  the  scale  of  months. 

To  find  the  sun's  declination,  stretch  the 
thread  from  the  day  of  the  month  over  the  an. 
gular  point  at  XII,  and  it  will  cut  the  sun's 
declination,  as  it  is  nortli  or  souUi,  for  that 
day,  in  the  arched  scale  of  north  and  south  de- 
clination. 

To  find  on  what  day  the  sun  enters  the 
signs;  when  the  bead,  as  above  rectified,  moves 
along  any  of  the  curve-lines  which  have  the 
signs  of  the  zodiac  marked  upon  them,  the  sun 
enters  those  signs  on  the  days  pointed  out  by 
the  thread  in  the  scale  of  months  respectively. 

The  construction  of  this  dial  is  very  easy, 
especially  if  the  reader  compares  it  all  along 
with  Fig.  3.  as  he  reads  the  following  expla- 
nutioa  of  that  figure. 
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Draw  the  occult  line  .£B  parallel  to  tlie  top  v^-^fK 
of  tbe  card,  and  cross  it  at  right  angles  with  the  pig.  3 
six  o'clock  line  ECl):  then  upon  C^  sis  a  cen- 
tre, with  tlie  radius  CA^  describe  the  semicir- 
cle AKLy  and  divide  it  into  13  equal  parts 
(beginning  at  Aj  vlh  Atj  rs^  &c.  and  from  these 
points  of  division^  draw  the  iiour-lines  r,  Sj  t,  v, 
Vf  Ey  w,  and  x,  all  parallel  to  the  six  o'clock 
line  EC.  If  each  pai*t  of  the  semicrcle  be  di- 
vided into  four  equal  parts,  they  will  give  the 
half-hour-lines  and  quarterns,  as  in  Fig.  2.  Draw 
the  right  line  JlSVo^  making  the  angle  S%iB 
equal  to  the  latitude  of  your  place.  Upon  the 
centre  A  describe  the  arch  AST,  and  set  off 
upon  it  the  arcs  8R  and  ST,  each  equal  to  33^ 
degrees,  for  the  sun's  greatest  declination ;  ana 
divide  them  into  S3|  equal  parts,  as  in  Fig.  S. 
Through  the  intersection  ])  of  the  lines  ECD 
and  AJboy  draw  the  right  line  FDG  at  right  an- 
gles to  AJDo.  Lay  a  rule  to  the  points  A  and  11^ 
and  dra\V  the  line  ARF  through  S3^  degrees  of 
south  declination  in  the  arc  SH;  and  then  lay- 
ing the  rule  to  the  points  A  and  T,  draw  the 
line  ATG  through  23^  degi*ees  of  north  decli- 
nation in  the  arc  ST:  so  shall  the  lines  ARF 
and  ATG  cut  the  line  FDG  in  the  proper 
length  for  the  scale  of  months.  Upon  the  cen- 
tre D,  with  the  radius  DFj  describe  thq  semi- 
circle  FoG:  and  divide  it  into  six  equal  parts, 
Fm,  muy  nOf  &c.  and  from  these  points  of  divi- 
sion draw  the  right  lines  mk^  niy  pk,  and  ql,  each 
parallel  to  oD.  Then,  setting  one  foot  of  the 
compa<$s.cs  in  the  point  F,  extend  the  other  to  c4, 
and  describe  the  arc  Az  Hfot  the  tropic  of  v^  : 
with  the  same  extent,  setting  one  foot  in  (r,  de- 
scribe the  arc  AEO  for  the  tropic  of  gs.  Next 
settiqg  one  foot  in  the  point  A,  and  extending 
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PtATB  the  other  to  %4^  describe  the  arc  ACI  for  the 
^^^''  beginnings  of  the  signs  zsf  and  /  ;  and  with  the 
same  extent^  setting  one  foot  in  the  point  l^  de- 
scribe the  arc  A^T  for  the  beginnings  of  the 
signs  n  and  SI  •  Set  one  foot  in  the  point  i^  and 
having  extended  the  other  to  Ay  describe  the 
arc  AE  for  the  beginnings  of  the  signs  x  and 
nt ;  and  with  the  same  extent^  set  one  foot  in  1c j 
and  describe  the  ai*c  AM  for  the  beginnings  of 
the  signs  8  and  n-  Then^  setting  one  foot  in 
the  point  Dy  and  extending  the  other  to  Ay  de* 
scribe  the  curve  AL  for  the  beginnings  of  «v> 
and  ^  ;  and  thus  the  signs  will  be  finished. — 
This  done^  lay  a  rule  from  the  point  A  over  the 
sun's  declination  in  the  arch  RST,  (found  by 
the  following  table)  for  every  fifth  day  of  the 
year ;  and  where  the  rule  cuts  the  line  Fl)Gy 
make  marks ;  and  place  the  days  of  the  months 
right  against  these  marks^  in  the  manner  shewn 
by  Fig.  2.  Lastly,  draw  the  shadow-line  PQ 
parallel  to  the  occult  line  AB  ;  make  the  gno. 
mon^  and  set  the  hours  to  their  respective  lines^ 
as  in  Fig.  S.  and  the  dial  will  be  finished* 
rig.  4.  There  are  several- kinds  of  dials,  which  are 
called  universaly  because  they  serve  for  all  lati- 
tudes.  Of  these,  the  best  one  that  I  know,  is 
Mr.  Pardie^s^  which  consists  of  three  principal 
parts :  .the  first  whereof  is  called  the  horizontal 
A  univcr-  plane  (Ajj  because  when  the  dial  is  used;  it 
s;adiui.  mast  be  parallel  to  the  horizon.  In  this  place  is 
fixed  an  upright  pin,  which  enters  into  the  edge 
of  the  second  part  JBH,  called  the  meridional 
flune  ;  which  is  made  of  two  pieces,  the  lowest 
wliereof  fJBj  is  called  the  quadrant^  because 
it  contains  a  quarter  of  a  circle^  divided  into  90 
degrees ;  and  it  is  only  in  this  part,  near  By  that 
the  pin  enters.    The  other  piece  is  a  semicircle 
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fDjf  adjusted  to  the  quadrant^  and  turning  in  it 
by  a  groove,  for  raising  or  depressing  the  diame- 
ter  (jE¥)  of  the  semicircle,  which  diameter  is 
called  the  axi»  of  the  instrument.  The  third 
piece  is  a  circle  (Gjj  divided  ou  both  sides  into 
S4  equal  parts,  which  are  the  hours.  This  circle 
is  put  upon  the  meridional  plane  so,  that  the  axis 
(EFJ  may  be  perpendicular  to  the  circle ;  and 
the  point  C,  the  common  centre  of  the  circle,  se- 
micircle, and  quadrant.  The  straight  edge  of 
the  semicircle  is  chamfered  on  both  sides  to  a 
sharp  edge,  which  passes  through  the  centre  of 
the  circle.  On  one  side  of  the  chamfered  part,  • 
the  first  six  months  of  the  year  are  laid  down, 
according  to  the  sun's  declination  for  their  re- 
spective days,  and  on  the  other  side  the  last  six 
months.  And  against  the  days  on  which  the  sun 
enters  the  signs  respectively,  there  are  straight 
lines  drawn  upon  the  semicircle,  with  the  cha- 
racters of  the  signs  marked  upon  them,  ^bere 
is  a  black  line  drawn  along  the  middle  of  the 
upright  edge  of  the  quadrant,  over  which  hangs 
a  thread  fHj  with  its  plummet  fij  for  level- 
ling the  instrument.  JV.  B.  From  the  SSd  of 
September  to  the  SOth  of  March,  the  upper  sur- 
face of  the  circle  must  touch  both  the  centime  C 
of  the  semicircle,  and  the  line  of  t  and  ^ ;  and  . 
from  the  SOth  of  March  to  the  S2d  of  Septem- 
ber, the  lower  surface  of  the  circle  must  touch 
that  centre  and  line. 

To  find  the  time  of  the  day  1)y  this  dial. — 
Having  set  it  on  a  level  place  in  sun-shine,  and 
adjusted  it  by  the  levelling  screws  Ic  and  /,  uutil 
the  plumb-line  hangs  over  the  back-line  upon 
the  edge  of  the  quadrant,  and  parallel  to  thi*. 
said  edge;  move  the  semicircle  in  the  quadrant. 
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Purr  imiil  the  line  of  «y»  and  ^b,  (where  the  circle 
'  touches)  comes  to  the  latitude  of  your  place  in 
the  quadrant :  then^  turn  the  uholc  meridional 
plane  BD^  with  its  circle  G,  upon  the  hori- 
zontal plane  •i^  until  the  edge  of  the  shadow 
of  the  circle  fall  precisely  on  the  day  of  the 
month  in  the  semi-circle ;  and  then^  the  meri- 
dional plane  will  be  due  north  and  south,  the 
the  axis  -fc'l^'.will  he  parallel  to  the  axis  of  the 
world,  and  will  cast  a  shadow  upon  the  true 
time  of  the  day,  among  the  hours  on  the  circle. 
jy.  B.  As,  wiien  the  instiiiment  is  thus  rcctiii- 
•  ed,  the  quadrant  and  semicircle  are  in  the  plane 
of  the  meridian,  so  the  circle  is  then  in  the  plane 
of  the  equinoctial.  Therefore,  as  the  sun  is 
above  the  equinoctial  in  summer,  (in  northern 
-  latitudes)  and  below  it  in  winter ;  the  axis  of 
the  semicircle  will  cast  a  shadow  on  the  hour 
of  the  day,  on  the  upper  surface  of  the  circle^ 
from  t&e  30th  of  Mai-ch  to  the  S2d  of  Septem- 
ber :  and  from  the  S3d  of  September  to  the 
SOth  of  March,  the  hour  of  the  day  will  be  de- 
termined by  the  shadow  of  the  semicircle,  up- 
on the  lower  surface  of  the  circle.  In  the  for- 
mer case,  the  shadow  of  the  circle  falls  upon 
the  day  of  the  month,  on  the  lower  part  of  the 
diameter  of  the  semicircle ;  and  in  the  latter 
case  on  the  upper  part. 
.   The  method  of  laying  down  the  moAths  and 

Fig.  5.  signs  upon  the  semicircle,  is  as  follows.  Draw 
the  right  line  ACB^  equal  to  the  diameter  of 
the  semicircle  •SLDBj  and  cross  it  iji  the  middle 
at  right  angles  with  the  line  ECl)n  ecjual  in 
length  to  ACB  ;  then  EC  will  be  the  radius 
of  the  circle  FCGn  which  is  the  same  as  that 
of  the  semicircle.     Upon  JE  as  a  centre,  de- 


OfJKtding.  S5 

scribe  the  circle  FCGy  on  which  set  oflF  the 
arcs  Ch  and  Ci^  each  equal  to  33^  degrees^ 
and  divide  them  accordingly  into  that  number 
for  the  sun's  declination.  Then^  laying  the 
edge  of  a  rule  over  the  centre  E^  and  also  over 
the  sun's  declination  for  every  fifth  day^  of 
each  months  (as  in  the  card-dial)  mark  the 
points  on  the  diameter  AB  of  the  semicircle 
from  a  to  gj  which  are  cut  by  the  rule ;  and 
there  place  the  days  of  the  months  according- 
ly^ answering  to  the  sun's  declination.  This 
done^  setting  one  foot  of  the  compasses  in  Cy 
and  extending  the  other  to  a  or  g^  describe  the 
semicircle  abed efg ;  which  divide  into  six 
equal  parts^  and  through  the  points  of  divi- 
sion draw  right  lines,  parallel  to  CDy  for  the 
beginning  of  the  signs,  (of  which  one  half  are 
on  one  side  of  the  semicircle,  and  the  other 
half  on  the  other  side)  and  set  the  characters 
of  the  signs  to  their  proper  lines,  as  in  the 
figure. 

The  following  table  shews  the  sun's  place 
and  declination,  in  degrees  and  minutes,  at 
the  noon  of  every  day  of  the  second  year 
after  leap-year;  which  is  a  mean  between 
those  of  leap-year  itself,  and  the  first  and 
third  years  after.  It  is  nseful  for  inscribing 
the  months  and  their  days  on  sun-dials ;  and 
also  for  finding  the  latitudes  of  places,  ac- 


*  The  intermediate  days  ma^^  be  dra^n  in  by  hand^  if  the 
spaces  be  large  enough  to  contain  them. 
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cording  to  the  methods  prescribed  after  the 
table.« 


*  In  this  edition,  the  ttble  of  the  sun's  longitude  and  declina* 
tion  has  b^en  calculated  anew,  and  adapted  to  the  present  im* 
proved  state  of  the  solar  tables.  The  editor  has  also  added  an 
accurate  table  of  the  equation  of  time,  which,  he  trusts,  will  be 
of  (C'^at  use  to  the  practical  dialist.  The  words  add  aind  subtract^ 
at  the  head  of  the  column,  denote  that  the  equation  of  time  must 
be  added  to,  or  subtracted  from,  the  apparent  time,  or  that 
which  is  deduced  from  the  motion  of  the  sun,  in  order  to  obtain 
the  equated  or  true  time,  as. shewn  by  a  well-regulated  clock  or 
watch.  The  table  is  calculated  for  the  secfmd  after  leap-year, 
and  IS  as  accurate  as  the  difference  between  the  civil  and  solar 
year  will  permit— E.  Eo. 
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A  TABLE, 

Shewing  the  Sun's  place  and  declination. 


January. 

'FBhrwiry. 

Sun's  PL 

Sail's  De. 

qSun's  PI. 

Sun' 

sDe. 

? 

D. 

M. 

D. 

H. 

QD 

1 

n. 

H. 

D. 

M. 

1 

io>«sr 

23S   3 

183?  0 

17S13 

2 

11 

S8 

22 

58 

8 

13 

1 

16 

56 

8 

18 

29 

22 

58 

3 

14 

8 

16 

88 

4 

13 

81 

22 

47 

4 

15 

3 

16 

80 

6 

14 

3S 

32 

40 

5 

16 

4 

16 

8 

6 

Id 

33 

2S 

34 

6 

17 

4 

15 

44 

7 

16 

34 

22 

26 

7 

18 

5 

15 

86 

8 

17 

35 

22 

19 

8 

19 

6 

15 

7 

9 

18 

37 

S2 

10 

9 

SO 

7 

14 

48 

10 

19 

38 

S2 

8 

10 

81 

7 

14 

88 

4l 

20 

39 

21 

53 

11 

82 

8 

14 

9 

12 

SI 

40 

21 

43 

18 

83 

9 

13 

40 

13 

SS 

41 

21 

33 

13 

24 

9 

13 

89 

14 

S3 

4S 

21 

S3 

14 

85 

10 

13 

9 

19 

S4 

43 

21 

18 

16 

86 

10 

IS 

49 

16 

25 

44 

21 

1 

16 

«7 

11 

18 

88 

17 

26 

46 

20 

50 

17 

88 

11 

18 

7 

18 

ar 

47 

SO 

38 

18 

89 

IS 

11 

46 

19 

28 

48 

SO 

85 

19 

OX  IS 

11 

89 

30 

39 

49 

80 

13 

80 

1 

18 

11 

3 

SI 

0«'50 

80 

0 

81 

S 

13 

10 

42 

S2 

1 

51 

19 

46 

88 

3 

13 

10 

20 

23 

2 

52 

19 

88 

S3 

4 

13 

9 

58 

U 

3 

53 

19 

18 

84 

5 

14 

9 

36 

S3 

4 

54 

19 

4 

85 

6 

14 

9 

14 

S6 

5 

55 

18 

49 

86 

7 

14 

8 

52 

«r 

6 

56 

18 

84 

87 

8 

14       8 

89 

88 

7 
8 

57 
58 

18 
18 

18 
8 

28 

9 

19       8 

7 

29 

In 

thete 

tabic*  J^  sign{fit» 

30 

9 

58 

17 

46 

1 

iorih, 

end  S  aouth,  dc 

31 

10 

59 

17 

30 

1 
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A  TABLE, 

Shewing  the  Sun's  place  and  declination. 


March. 


e  Sun's  PL 


CO 

1 


3 
4 

5 
6 

8 
9 
10 
11 
13 
13 

144 
15 
16 

1/ 
18 

19 
SO 
;31 
SSS 
33 
34 
S5 
36 

«7 

38 

39 
30 


Sun's  De. 


D.        M. 


10X15 

11  15 

13  15 

13  15 

14  15 

15  15 

16  15 

17  15 

18  15 

19  15 
SO  15 
31  15 
33  14 

33  14 

34  14 

35  13 

36  13 

37  IS 

38  13 

39  11 

or  11 

1  10 

3  10 

3  9 


4 
5 

6 

7 
8 

9 


3l|  10 


9 

8 

7 
6 
6 
5 
4 


D.        M. 


7844 
7  31 
6  58 
6  35 
6.  IS 
5  49 
5.  36 
5       S 


4 

4 
3 


39 
16 
53 


3  39 

3  5 

3  41 

3  18 


1 
1 
1 


94 
30 

7 


0  43 
0  19 
ON  4 
0  38 
0  53 
1 
1 
3 


15 

39 

3 

3     36 
3     50 


3 
3 


13 
36 


3     59 


19 
16 

171 

18 

19 
30 
31 

33 
33 
34 
35 
36 

STI 

38 

39 
30 


April. 
Sun's  Fl. 


D<        M. 


11  V  3 

13       3 


13 
14 


1 
0 


14  59 

15  58 

16  67 

17  56 

18  55 


1 

3 
3 
4 

5 
6 

7 
8 

9 

lOl  19  54 

11   30  53 

131  31  51 
13 
14i 

34  47 

35  46 

36  44 

37  43 

38  41 

39  40 
0»38 
1  37 
3  35 


83     90 
33     49 


3 
4 
9 


33 
33 
30 


6  38 

7  S7 

8  35 

9  33 


Sun's  l)e. 


u.       M. 

~4N33    • 


4 

9 
9 


46 

9 

33 


9  99 

6  17 

6  40 

7  3 
7  39 

7  47 

8  9 
8  31 

8  93 

9  19 
9  37 
9  98 

10  19 
10"  40 

11  1 
11  33 
11  43 
13  3 
13  33 
13  43 
13  3 
13  S3 

13  43 

14  1 
14  30 
14  36 
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A  TABLE, 

Shewing  the  Sun's  place  and  declination. 

JUay.  June. 

CISnn's  FE 


IB 


1 

s 

8 

41 


6  14     14 


6 

7 
8 

9 

10 
11 
12 
18 
14 
Id 
16 

17 

18 

19 
SO 
SI 


S8 


u. 


H. 


10»Si 
11  19 
IS  18 
13     16 


15  IS 

16  10 


17 
18 

19 
SO 


8 
6 
4 

S 


SO  59 

81  57 

SS  55 

53  53 

54  51 

55  48 

56  46 

27  44 

58  41 

59  39 


Sun's  De. 


SS     On  37 


1    34 


SI     S    3S 


S5 
86 

27 
88 

89 
30 
31 


3 

4 
5 


89 

27 
84 


6  88 

7  80 

8  17 

9  15 


D.        M. 


14N57 

15  15 

15  33 

15  50 

16  8 
16  85 
16  48 

16  58 

17  14 
17  80 

17  46 

18  1 
18  17 
18  31 

18  46 

19  0 
19  14 
19  87 
19  41 
19  53 
SO  6 
80  18 
80  30 
SO  41 

80  53 

81  8 
81  l4 
81  84 
81  33 
81  43 
31  58 


CSun's  PI. 


en  I   • 


M. 


1 

8 
3 
4 
5 
6 

7 

8 
9 
10 
11 
18 
13 
141 
15 

16 

17 
18 

19 
80 
81 
88 
83 


ion  18 
11  10 


12 
13 
14 


7 

4 

8 


84  8  10 


35 
86 


14  59 

15  67 

16  54 

17  51 

18  49 
19*  40 
SO  43 
81  40 
83  38 

83  35 

84  83 

85  89 

86  27 

27  2* 

88  81 

89  18 
025  16 

1  13 


Sun'sDc. 


3 

4 


37  5 
38 

39 
30 


7 

5 
8 

5  59 

6  56 

7  53 


D. 


M. 


83N  0 

83  8 

33  16 

33  84 

33  31 

33  37 

33  43 

23  49 

33  55 

83  0 


33 


4 
9 


33  13 


33 

16 

83 

19 

83 

21 

83 

83 

83 

86 

S3 

86 

83 

37 

33 

88 

83 

88 

83 

88 

83 

27 

33 

86 

23 

S4< 

S3 

83 

83 

SO 

33 

17 

33  14 
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A  TABLE, 

Shewing  tbe  Sun's  place  and  decl^natioB. 


op 

Juli 

f- 

San' 

rpi: 

Sun's  De. 

"Sid- 

o51 

D. 

M. 

li  8s 

S3N10 

2|  9 

4« 

S3 

6 

3 

10 

45 

S3 

S 

4 

11 

4S 

SS 

57 

5 

IS 

40 

SS 

5S 

6 

13 

37 

SS 

46 

7 

14 

34 

SS 

40 

8 

15 

31 

SS 

S4 

9 

16 

S8 

SS 

S7 

10 

17 

S6 

SS 

SO 

11 

1? 

S3 

SS 

IS 

12 

19 

SO 

SS' 

4 

13 

SO 

17 

SI 

06 

14 

SI 

14 

SI 

47 

15 

SS 

IS 

SI 

38 

16 

S3 

9 

SI 

S9 

17 

S4 

6 

SI 

19 

18 

S5 

8 

SI 

9 

19 

S6 

1 

so 

58 

SO 

S6 

58 

so 

47 

SI 

27 

55 

so 

36 

SS 

S8 

dS 

so 

S4 

S3 

S9 

50 

so 

13 

S4< 

08.47 

so 

0 

%5 

1 

44 

19 

48 

S6 

S 

4S 

19 

35 

S7 

3 

39 

19 

SS 

S8 

4 

37 

19 

8 

S9 

5 

34 

18 

54 

30 

6 

31 

18 

40 

81 

7 

S9 

18 

S5 

August. 


bSun^sPlSun^sDe 


1 
S 
3 
4 

5 
6 

7 

8 

9 

10 
11 
IS 
13 
14 
15 
16 

17 
18 


D.   M. 


8SIS6 

9  S4 

10  Si 

11  19 
IS  16 

13  14 

14  11 

15  9 

16  6 

17  4 

18  S 

18  59 

19  97 

50  54 

51  5S 
SS  50 

53  47 

54  45 


191  S5  43 

50  S6  41 

51  S7  39 
SS'  f^    36 

53  S9  34 

54  0nK3S 


S5 
S6 

Sf 
S8 

S9 
30 
31 


1  30 

S  S8 

3  S6 

4  S4 

5  SS 

6  SO 

7  18 


D.   M. 


8N10 

7 

55 

7 

40 

7 

^ 

7 

8 

6 

5S 

6 

35 

6 

19 

6 

S 

5 

44 

5 

S7 

5 

.  9 

.4 

51 

.4 

33 

4 

14 

3 

55 

3 

36 

3 

17 

S 

58 

S 

58 

S 

18 

1 

58 

1 

38 

1 

18 

0 

57 

0 

36 

0 

15 

9 

54 

9 

33 

9 

IS 

8  50 
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A  TABLE, 

Shewing  the  Sun's  place  and  declination. 


September. 


mean's  PI. 


1 

s 

8 
4 


D.        U. 


8»r17 
9     19 

10  13 

11  11 


a  IS 

13 
14 
19 
16 

17 


9 
8 
6 
4 
S 
1 


6 

7 
8 

9 
10 
11 
12 
18 

1-1  SO  99 
19  SI  93 
16  SS    98 

17 


17  99 

18  98 

19  96 


Sun's  De. 


D.        H. 


18 

19 
SO 
SI 
SS 
S3 
SI 
S9 
S6 

«r 

88 


88  90 
84  49 

89  47 

86  46 

87  4<5 

88  44 

89  48 
0^41 
1  40 
8  39 
8  88 


4    87 

S9|    9     36 
30|    6     89 


8NS9 
8      7 


7 

7 

7 
6 


49 

S3 

1 

38 


6    16 
9     93 


9 
9 
4 

4 


81 

8 

49 

88 


8  99 

8  36 

8  13 

8  90 

8  87 

8  4 
1 
1 

0  94 

0  80 

0  7 
0S16 

0  40 


40 
17 


1 
1 
1 


8 

27 

90 


8    14 
8    87 


October. 

aSun's  P1.IS 


D.        M. 


1 
S 

3 
4 
9 
6 

7 
8 

9 
10 

11 
18 
13 
14 
19 
16 

17 
18 

19 
80 

SI 

SS{ 

S3 

84 

89 

S6 

87 

88 

39 


7^34 
8    33 


9 
10 
11 
IS 
13 
14 
1% 
16 

17 
18 

19 
80 
81 
88 
88 
84 
89 
86 
87 
88 
S9 


83 
3S 
31 
30 
89 
89 
88 

87 
87 
86 
86 
89 
89 
84 
84 
83 
S3 
S3 
83 
88 
88 


T 


un'siie. 


D.   M. 


OiilSS 


1 
8 
3 
4 
9 
6 

7 


88 
88 
88 
SS 
SS 
88 
88 


3S  0 

3  84 
8  47 

4  10 


4 

4 


7 
7 


34 
97 


9  80 

9  43 

6  6 

6  89 

6  91 

7  14 


87 
99 


8  88 

8  44 

9  6 
9  88 
9  90 

10  11 

10  33 

10  94 

11  16 
11  37 
11  98 
18  18 
18  39 
IS  99 
13  14 
13  39 
13  99 


i 


3« 
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A  TABLE, 

Shewing  tfae  Sun's  place  and  declination. 

December. 

Sun's  l)e 


JVovember. 


1 

S 
3 

5 
6 

7 
8 

9 
dO 
11 
IS 
13 
14 
15 
16 

17 
18 

19 
SO 
SI 
SS 
S3 
^ 
S5 
S6 

27 
S8 

S9 
301 


Sun's  FLiSun'sDe. 


D. 


M. 


SniSS 

9  SS 

10  S3 

11  S3 
IS  S3 

13  S3 

14  S4 

15  S4 

16  SI* 

17  S4 

18  S5 

19  S5 

50  S6 

51  S6 


D.   M. 


14S19 

14  38 

14  57 

15  16 
15  34 

15  53 

16  11 
16  S8 

16  46 

17  8 
17  SO. 
17  86 

17  58 

18  9 


ss 

S7 

18 

S4 

S3 

S7 

18 

39 

S4 

S8 

18 

54 

S5 

S8 

19 

9 

S6 

S9 

19 

S3 

S7 

30 

19 

37 

S8 

30 

19 

51 

S9 

31 

SO 

4 

0/33 

SO 

17 

1 

33 

SO 

30 

S 

33 

SO 

4S 

3 

34 

SO 

53 

4 

35 

21 

5 

5 

36 

SI 

16 

6 

37 

SI 

S6 

7 

38 

21 

36 

dSun's  PL 


D.   H. 


3 
4 

5 
6 

7 
8 

9 
10 
11 
IS 
13 
14 
15 
16 

17 

18 

19 
SO 
SI 


8/39 

9  39 

10  40 

11  41 

15  4S 

13  43 

14  41 
15.  45 

16  46 

17  47 

18  48 

19  49 

50  50 

51  01 
SS  5S 

53  53 

54  55 

55  06 

56  67 

57  58 

58  59 


SS  oy;  0 


S3 
2^ 

S5i 
S6! 

27 


1 

S 
3 
4 
5 


28  6 

29'  7 
30;  8  10 


S 
3 

4 
5 
6 
8 
9 


D.   M. 


S1S46 

SI  55 

SS  4 

SS  13 

SS  SI 

SS  S8 

SS  35 

S3  43 

SS  48 

S3  54 


S3 
S3 
S3 


0 
5 
9 


S3  13 
S3^M6 

S3  19 

S3  SS 

38  S4 

S3  S6 

S3  37 

S3  38 

S3  SS 

S3  38 

S3  37 

S3  36 

S3  34 

33  33 

S3  19 

33  16 

33  13 


3ll  9  11  I  S3   9 
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TABLE, 

Of  the  Equation  of  Time. 


? 

Jan 

'ry. 

Feb 

'ry. 

Ma 

M. 

rch. 

April. 

M. 

Si 

M. 

s. 

8. 

-45 

M.  s. 

1 

3- 

13+58 

ISH 

4+  7 

2 

4 

16 

14 

9 

18 

33 

8  49 

8 

4 

44 

14 

18 

12 

81 

3  31 

4 

5 

18 

14 

19 

12 

8 

3  13 

0 

5 

39 

14 

84 

11 

54 

8  05 

6 

6 

6 

14 

28 

11 

40 

8  37 

7 

6 

33 

14 

32 

11 

26 

8  80 

8 

6 

59 

14 

34 

11 

14 

8   8 

9 

7 

24 

14 

37 

10 

56 

1  45 

10 

7 

49 

14 

38 

10 

41 

1  88 

11 

8 

13 

14 

39 

10 

85 

1  13 

IS 

8 

37 

14 

38 

10 

9 

0  55 

13 

9 

0 

14 

37 

9 

02 

0  39 

14 

9 

88 

14 

35 

9 

35 

0  83 

19 

9 

14 

33 

9 

18 

0   8 

16 

-10 

4 

14 

89 

9 

1 

0—7 

17 

10 

8d 

14 

85 

8 

43 

0  23 

18 

10 

dt± 

14 

80 

8 

85 

0  36 

19 

11 

8 

14 

15 

8 

7 

0  00 

SO 

11 

81 

14 

8 

7 

49 

1   4 

»i 

11 

38 

14 

8 

7 

31 

1  17 

SS 

11 

55 

13 

04 

7 

18 

1  30 

S3 

18 

11 

13 

46 

6 

54 

1  48 

24 

18 

86 

13 

37 

6 

35 

1  04 

Sd 

18 

40 

13 
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6 

17 
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86 

18 
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13 

18 

5 

53 
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87 
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13 
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5 

39 

8  86 
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13 
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49 

4 
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May. 

June. 

July. 

M. 

s. 

M. 

s. 

M.   s. 

1 

3- 

-  2 

2- 

-12 

3+13 

2 

3 

10 

2 

34 

3  25 

3 

3 

17 

2 

24 

3  36 

4 

3 

23 

2 

14 

3  48 

5 

3 

29 

2 

4 

3  58 

6 

3 

3d 

54 

4   9 

7 

3 

40 

43 

4  19 

8 

3 

44 

32 

4  29 

9 

3 

48 

21 

4  38 

10 

3 

51 

10 

4  47 

11 

3 

M- 

0 

68 

4  56 

12 

3 

56 

0 

46 

5   4 

13 

3 

57 

0 

34 

5  11 

14 

3 

58 

0 

22 

5  18 

19 

3 

59 

0 

9 

ff  29 

16 

3 

59 

0+  3 

5     31 

17 

8 

58 

0 

16 

5  37 

18 

3 

57 

0 

28 

5  42 

19 

3 

SS 

0 

41 

5  47 

20 

3 

53 

0 

M< 

9  91 

21 

3 

50 

7 

9  94 

23 

3 

46 

20 

9  97 

23 

3 

42 

33 

6   0 

24 

3 

38 

46 

6   2 

25 

3 

33 

59 

6   3 

20 

3 

27' 

1} 

11 

6   4 

27 

3 

21 

2 

2t 

6   9 

28 

3 

14 

2 

37 

6   4 

2y 

3 

7 

2 

49 

6   3 

3U 

3 

59 

3 

1 

6   2 

31 

2 

51 

6   0 

Aug 

•leaf. 

M. 

s. 

6+57 

6 

64 

6 

50 

5 

46 

6 

40 

6 

35 

5 

28 

5 

21 

6 

14 

6 

6 

4 

67 

4 

47 

4 

87 

4 

27 

4 

16 

4 

4 

3 

9S 

3 

89 

3 

26 

3 

13 

2 

99 

2 

45 

2 

30 

2 

14 

1 

99 

1 

43 

1 

26 

1 

9 

0 

92 

0 

34 

A  ■■  ■ 

0    17 
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? 

Sepfr.  1 

Ocfr.   1 

JVouV. 

Dec'r, 

«5 

If. 

s. 

M. 

s. 

H. 

s. 

M*    S« . 

1 

0—  a 

10- 

-10 

16- 

-13 

10—49 

3 

0 

80 

10 

39 

16 

14 

10  87 

3 

0 

39 

10 

47 

16 

14 

10   3 

4 

0 

08 

11 

6 

16 

14 

9  39 

5 

1 

18 

11 

a! 

16 

13 

9  15 

6 

1 

37 

11 

43 

16 

li 

8  50 

7 

1 

57 

11 

59  1  16 

8 

8  34 

8 

8 

18 

13 

16 

16 

4 

7  58 

9 

8 

38 

13 

33 

16 

0 

7  31 

10 

8 

58 

13 

48 

15 

54 

7   4 

11 

3 

19 

13 

4 

15 

48 

6  37 

13 

3 

40 

13 

19 

15 

41 

6   9 

13 

4 

1 

13 

34 

15 

33 

5  41 

14 

4 

28 

13 

48 

15 

35 

5  13 

19 

4 

43 

14 

2 

19 

15 

4  41)^ 

IS 

4 

4 

14 

15 

15 

5 

4  15 

17 

9 

85 

14 

87 

14 

53 

3  45 

18 

5 

46 

14 

39 

14 

41 

3  16 

19 

6 

7 

14 

50 

14 

88 

2  46 

SO 

6 

88 

15 

1 

14 

14 

2  16 

21 

6 

49 

15 

11 

13 

59 

1  46 

as 

6 

10 

15 

80 

13 

44 

1  16 

83 

7 

30 

15 

38 

13 

37 

0  45 

Sf 

7 

51 

15 

36 

13 

10 

0  15 

85 

8 

11 

15 

43 

13 

53 

0+15 

86 

8 

38 

15 

50 

13 

33 

0  45 

87 

8 

52 

15 

55 

13 

14 

1  15 

88 

9 

13 

16 

0 

11 

54 

1  45 

89 

9 

31 

16 

5 

11 

33 

3  14 

30 

9 

51 

16 

8 

11 

13 

3  43 

31 

16 

11 

3  13 

«s 


fSxplanation  of  the  Table  of  the  JEquation  of 

Time. 


AS  our  author  has  already  given  a  familiar  explanation  of  the 
equation  of  time,  it  may  be  sufHcient  to  observe,  that  the  pre- 
icedingr  table  contains  the  diflerence  between  true  and  apparent 
time,  for  every  day  of  the  year  at  12  o'clock  noon,  when  the  sun 
18  in  the  meridian  ;  and  19  adapted  to  the  second  year  after  leap- 
year.  When  apparent,  or  solar,  timt  is  to  be  converted  into  true 
-  time,  as  shewn  by  a  well<regulated  clock  or  watch,  the  equation 
of  time  must  be  added  to  the  apparent  time,  when  it  has  the 
sign  -|-,  and  subtracted  from  ii  when  it  has  the  sign  — :  but 
wnen  true  is  to  be  con\erted  into  apparent  time,  the  equation 
must  be  applied  with  contrary  sijgns.  If  the  equation  be  requir- 
ed for  any  intermediate  hour,  take  the  difference  during  a  day, 
and  say,  as  24  hours  is  to  this  diiference,  so  is  the,  number  of 
boiu*s  which  the  intermediate  hour  is  from  the  preceding  noon, 
to  a  third^roportional,  which,  added  to,  or  subtracted  from,  the 
equation  of  time  at  noon,  according  as  it  is  increasing  or  decreas- 
ing. Will  give  the  equation  of  time  for  the  given  hour.  If  the  e- 
quation  of  time  be  wanted,  at  a  time  when  the  signs  change  from 
♦if-  to  — ,  or  from  —  to  -|-,  the  difference  for  24  hours  may  be 
found  by  adding  the  equations  of  time  for  the  noon  preceding 
and  following  the  given  hour.  Thus,  if  (he  equation  of  time  be 
required  for  the  24lh  December  at  12  o'clock  midnight,  the  e- 
quation  for  the  24th  at  no(m  is  —  15",  and  for  the  25th  at  noon 
+  15".  the  difference  of  which  is  -f  30".  Then,  as  24h  :  -f  30" 
=  12h:  -f-  15%  which,  subtracted  from  —  15  seconds,  the  equa- 
tion for  24iii  noon,  leaves  0 ;  so  that  the  hour,  as  shqwn  by  the 
sun  and  clock,  is  the  same  on  the  24th  Pecember  at  midnight. 
The  equation  thus  found  will  be  accurate  for  every  second  year 
after  leap-year,  and  in  other  years  will  vary  only  a  few  seconds 
from  the  truth.  In  prdcr,  however,  to  determine  the  equation  or 
time,  with  accuracy  for  anj^  other  year,  find  the  difference  be- 
tween the  equation  of  liroc  tor  the  given  day,  and  that  which  pre- 
cedes it :  thcn> 

1.  For  leap-year,  take  one  half  of  this  difference,  and  add  it  to 
the  equation  for  the  given  time  when  increasing,  but  subtract 
when  decreasing. 

2.  For  the  fiat  after  leap-year  ^  tyke  one  fourth  of  the  difference, 
and  add  it  tn  the  equation  for  the  given  time  when  increasing, 
but  suhtr't '  it  when  decreasing. 

0.  For  the  third  after  leap-year,  take  one  fourth  of  the  d'ffcrence, 
»nd  subtract  it  frum  the  equation  for  the  given  time,  when  in- 


sr 


ereasing^fbot  add  it  when  decreasing.  Thas*  taUnd  the  equatloii 
of  time  for  the  3d  May  1805,  being  the  first  after  leap.year,  the 
equation  in  the  table  is  3'  10",  the  daily  difference  is  8",  and 
the  equation  increases.  Add,  therefore,  2"  which  is  one  fourth 
of  the  daily  difference  to  3'  10^',  and  the  sum  3'  12'',  will  |)e  the 
true  equation  of  time  for  the  2d  May  1805.*£.  £d. 


88  Mules  for  finding  the  Latitude^ 

To  find  the  latUvde  of  any  place  by  otservation. 

The  latitude  of  any  place  is  equal  to  the  el- 
evation of  the  pole  above  the  horizon  of  that 
place.  Therefore^  it  is  plain^  that  if  a  star 
were  fixed  in  the  pole,  there  would  be  nothing 
required  to  find  the  latitude,  but  to  take  the 
altitude  of  that  star  with  a  good  instrume^nt. — 
jBut  although  there  is  no  star  in  the  pole,  yet 
the  latitude  may  be  found  by  taking  the  great- 
est  and  least  altitude  of  any  star  that  never 
sets ;  for  if  half  the  difference  between  these 
altitudes  be  added  to  the  least  altitude,  or  sub- 
tracted from  the  greatest,  the  sum  or  remainder 
will  be  equal  to  the  altitude  of  the  pole  at  the 
place  of  observation. 

But  because  tiie  length  of  the  night  must  be 
more  than  12  hours,  in  order  to  have  two  such 
observatioiis ;  the  sun's  meridian-altitude  and 
declination  are  generally  made  use  of  for  find- 
ing the  latitude.  This  may  be  done  by  the 
following  general  rule. — Subtract  the  meridian 
or^greatest  altitude'  from  90*^,  and  the  remain- 
der will  be  tlie  zenith-distance ;  which  deno- 
minate north  or  south  according  as  the  zenith 
is  towards  the  nortli  or  south  of  the  body  ob- 
served :  then,  if  the  zenith-distance  apd  decli- 
nation be  both  north  or  both  south,  take  their 
sum  ;  but,  if  one  be  north  and  the  other  south^ 
take  their  difierence ;  and  this  sum  or  differ- 
ence will  be  the  latitude  of  the  place,  and  of 
the  same  name  (north  or  south)  with  the  great- 
er of  the  two  numbers  from  which  it  is  found. 
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EXAMPLES. 

1.  Suppose  o's  true  mer. 

zen.  dist.  47°  40'  N.  1     , , 

DecUnation     10    15  N.J  ^^^• 


Lat.  of  place  57    55  N. 

S.  Suppose  o's  true  mer. 

zen.  dist.  S4.«  50'  N.  1      . 

Declination     15    30   S.J  ^"■*' 


Lat.  of  place    9    SO  N. 
8.  Suppose  o's  true  mer. 

Declination 


afen.  dist.  37°  30'  S.  1      , 

20    10' N.J  ^°^' 


Lat.  of  place  17  SO  S. 

4.  Suppose  o's  true  mer. 

zen.  dist.                        0  0 

Declination     17  13  N. 


Lat.  of  place  17  13  N. 

9.  Suppose  O's  true  mer. 

2en.  dist.                       18  16  S. 

Declination      0  0 


Lat.  of  place  18    16  S. 

If  the  meridian  altitude  of  the  sun  or  of  a 
eircum-polar  star^  be  observed  when  below 
the  pole,  which  may  always  be  done  when  the 
polar-distance  of  the  body  is  less  than  the  lati- 
tude  of  the  place,  then,  to  this  altitude,  when 


40  Rules  far  finding  the  Latitude* 

corrected^  add  90^,  and  from  the  sum  subtract 
the  declination^  and  the  remainder  will  be  the 
latitude  of  the  place^  and  of  the  same  name 
with  the  d^lination. 

£a;....Suppose  ^s  least  mer.  alt.  38°  50'  \  ^ ^ 

90        J 
ISS   60 
-X^s  Declination  sub.  88   56  N. 


Lat.  of  place    39   51«  N. 


Note  1.  The  apparent  attitude  of  the  sun,  as  obscn'ed  with  a 
quadrant,  &c.  wiIl  require  to  be  corrected :  1.  by  subtracting*  the 
difference  between  the  refiuction  and  parallax :  2.  (when  tlie  al- 
titude of  the  lower  limb  is  observed)  by  adding  the  apparent  se- 
midiameter,  which  on  an  average  is  about  16^;  and  3.  (when  the 
altitude  is  observed  at  sea  above  the  visible  horizon)  by  subtract- 
ing the  dip,  corresponding  to  the  height  of  the  eye. 

Note  2.  The  above  general  rule,  with  the  explanatory  examples, 
is  substituted  in  place  of  seven  or  eight  particular  cases,  with 
their  appropriate  rulesy  givea  by  the  author. — ^A.  Ed. 
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LECTURE  XI. 


Of  Dlalivg. 


HAVING  sl^wn  iii  the  preceding  lecture 
Low  to  make  sun-dials  by  the  assistance  of  a 
good  globe,  or  of  a  dialing-scale,  we  shall  now 
proceed  to  the  method  of  constructing  dials 
arithmetically ;  which  will  be  more  agreeable 
to  those  who  have  learned  the  elements  of 
trigonometry,  because  globes  and  scales  can 
never  be  so  accurate  as  the  logarithms,  in  find- 
ing the  angular  distances  of  the  hours.  Yet, 
as  a  globe  may  be  found  exact  enough  for 
some  other  requisites  in  dialing,  we  s!iall  take 
it  in  occasionally. 

The  construction  of  sun-dials  on  all  planes 
whatever,  may  be  included  in  one  general  rule ; 
which  will  be  perfectly  intelligible,  if  that  of  a 
horizontal  dial  for  any  given  latitude  be  well 
understood.  For  there  is  no  plane,  however 
obliquely  situated  with  respect  to  any  given 
place,  but  what  is  parallel  to  the  horizon  of 
some  other  place ;  and,  therefore,  if  we  can 
Ind  that  other  place  by  a  problem  on  the  ter- 
restrial globe,  or  by  a  trigonometrical  calcula- 
tion, and  construct  a  horizontal  dial  for  it;  that 
dial,  applied  to  the  plane  where  it  is  to  serve^ 

will  be  a  true  dial  for  that  place. ^Thus,  an 

erect-direct  south  dial  in  .'^i^  degrees  north  la- 
titude, would  be  a  horizontal  dial  on  the  same 

VOL.   IT  O 


4»  Of  Dialing. 

meridian,  90  degrees  southward  of  ;i  1  degrees 
north  latitude ;  which  falls  in  with  38^  degrees 
of  south  latitude }  but  if  the  upright  plaue  de- 
cline from  facing  the  south  at  the  given  place, 
it  would  still  be  a  horizontal  plaue  90  degiT^s 
fi*om  that  place  ;  but  for  a  different  longitude  : 
which  would  alter  the  i-eckoning  of  the  hours 
accordingly. 

CASE  I. 

1.  Let  us  suppose  that  au  upright  plane  at 
London  declines  36  degrees  westAvanl  from  fa- 
cing the  south ;  and  that  it  is  required  to  find  a 
place  on  the  globe,  to  whose  horizon  the  said 

{dane  is  parallel;  and  also  the  difference  of 
oiigitude  1)etween  London  and  that  place. 

Kectify  the  globe  to  the  latitude  of  London, 
and  bring  London  to  the  zenith  under  the  bra- 
zen meridian,  then  that  point  of  the  globe  which 
lies  in  the  horizon  at  the  given  degree  of  de- 
clination; (counted  westward  fipm  the  south 
point  of  the  horizon)  is  the  place  at  which  tl|& 
above-mentioned  plane  would  be  horizontal. 
Now,  to  find  the  latitude  and  longitude  of  tliat 
place,  keep  your  eye  upon  the  place,  and  turn 
the  globe  eastward  until  it  comes  under  the 
graduated  edge  of  the  brazen  meridian ;  then 
the  degree  of  the  brazen  meridian  that  stands 
directly  over  the  place,  is  its  latitude ;  and  the 
number  of  degrees  on  the  equator,  which  are 
intercepted  between  the  meridian  of  London 
and  the  brazen  meridian,  is  the  placets  differ- 
ence of  longitude. 

Thus,  as  the  latitude  of  London  is  dl^  de- 
gi*ees  north,  and  the  declination  of  the  place 
is  36  degrees  west ;  I  elevate  the  north  pole 
014  de-grees  above  the  horizou,  and  turn  the 
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globe  until  London  comes  to  the  zenith^  or  un-  Plats 
Her  the  graduated  edge  of  the  meridian ;  then,  ^^"'" 
I  count  36  degrees  on  the  horizon  westward 
from  the  south  pointy  and  make  a  mark  on  that 
place  of  the  globe  over  which  the  reckoning 
ends^  and  bringing  the  mark  under  the  gradu- 
ated edge  of  the  brazen  meridian,  I  find  it  to 
be  under  30|  degrees  in  south  latitude ;  keep- 
ing it  tliere^  I  count  in  the  equator  the  number 
of  degrees  between  the  meridian  of  London 
and  the  brazen  meridian^  (which  now  becomes 
the  meridian  of  the  required  place)  and  find  it 
to  be  4S|.  Therefore^  an  upright  plane  at 
London^  declining  36  degrees  westward  from 
the  souths  would  be  a  horizontal  plane  at  that 
place  whose  latitude  is  30^  degrees  south  of 
the  equator,  and  longitude  IS^  degrees  west  of 
the  meridian  of  London ;  which  diflerence  of 
longitude  being  converted  into  time^  is  S  hours 
{SI  minutes. 

The  vertical  dial  declining  westward  36  de- 
grees at  London^  is  therefore  to  be  drawn  in  all 
respects  as  a  horizontal  dial  for  south  latitude 
301  degrees ;  save  only,  that  the  reckoning  of 
the  hours  is  to  anticipate  the  reckoning  on  the 
horizontal  dial,  by  S  hours  5i  minutes :  for  so 
much  sooner  will  the  sun  come  to  the  meridian 
of  London,  than  to  the  meridian  of  any  place 
whose  longitude  is  IS^  degrees  west  from 
London. 

2.  But  to  be  more  exact  than  by  the  globe,  ^iff-  > 
we  shall  use  a  little  trigonometry. 

Let  JV!E  SW  be  the  horizon  of  London, 
whose  zenith  is  Z,  and  P  the  north  pole  of  the 
sphere ;  and  Zh  be  the  position  of  a  vertical 
plane  at  Z^  declining  westward  from  S  (the 
fonth)  by  an  angle  of  36  degrees ;  on  which 
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plane  ftn  erect  dial  for  London  bX  ZUio  be  de- 
scribed.  Make  the  semidiameter  ZD  perpen- 
dicular to  Zhf  and  it  uill  cut  the  horizon  in 
H,  30  degrees  west  of  the  south  S.  Then,  a 
plane  in  the  tangent  HDy  touching  the  sphere 
in  Df  will  be  parallel  to  the  plane  Zh ;  and 
the  axis  of  the  sphere  will  be  equally  inclined 
to  both  these  planes. 

Let  WQ^E  be  the  equinoctial^  whose  eleva- 
tion above  the  liorizon  of  Z  (London)  is  38^- 
degrees ;  and  1*RD  the  meridian  of  the  place 
D,  cutting  the  equinoctial  in  .JR.  Then,  it  is 
evident,  that  tlie  arc  RD  is  the  latitude  of  the 
place  Df  (where  the  plane  Zh  would  be  hori- 
zontal) and  the  arc  R^  is  the  difference  of 
longitude  of  the  planes  Zh  and  I)II. 

In  the  spherical  triauglc  WUR,  the  arc  WD 
IS  given,  for  it  is  the  complement  of  tlie  plane's 
declination  from  S^  the  south ;  which  comple- 
ment is  54°  (viz.  90^—36°) :  the  angle  at  R, 
in  which  the  meridian  of  the  place  D  cuts  the 
equator,  is  a  right  angle;  and  the  angle  RWD 
measures  the  elevation  of  the  equinoctial  above 
the  horizon  of  Z^  namely,  38i  degi^ees.  Say, 
therefore,  as  radius  is  to  the  co-sine  of  the 
plane's  declination  from  the  south*  so  is  the 
co-sine  of  tlie  latitude  of  Z  to  the  sine  of  RD 
the  latitude  of  D:  which  is  of  a  different  de- 
nomination from  the  latitude  of  Z,  because  Z 
and  D  are  on  different  sides  of  the  equator. 

As  radius  —  —  —  10.00000 
Toco-sine  36°  0'=72Q  9.90/96 
So  co-sine         51°  30'=  qZ        979415 


To  sine  3  P  14'=  DR      (97031 1 )  = 
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the  latitude  of  D,  whose  horizon  is  parallel  to 
the  vertical  plane  Zh  at  Z. 

•V.  B.  When  radius  is  ma^e  the  first  term^ 
it  may  be  omitted^  and  then^  by  subtracting  it^ 
mentally^  from  the  sum  of  the  other  two^  the 
operation  will  be  shortened.  Thus^  in  the 
present  case^ 

To  the  logarithmic  sine  of  WR  =  •  S\^    &      —        9  90796 
Add  the  logarithmic  sine  of  JtD  =s  f  ^^"^  ^^'      —        9.794U 

Their  sum — radius  ....  9.70211 
gives  the  same  solution  as  above.  And  we  shall 
observe  this  metiiod  in  the  following  part  of 
the  work. 

To  find  the  difference  of  longitude  of  the 
places  JJ  and  Z,  say,  as  radius  is  to  the  co- 
sine of  38|  degrees,  tlie  height  of  the  equinoc- 
tial at  Zf  so  is  the  co-tangent  of  36  degrees^ 
the  plane's  declination,  to  the  co-tangent  of  the 
difference  of  longitude.     Thus, 

To  the  logarithmic  sine  of]:  Si""  30'    9.89364 
Add  the  logarithmic  tang,  of^  S4P    0'  10.13874 

Their  sum— radius  ....  10.03S38 
is  the  nearest  tangent  of  47°  S'=zWR;  which 
is  the  co-tangent  of  4S''  d3'=:jRQ,  the  differ^ 
enpe  of  longitude  sought.  Which  difference 
being  reduced  to  time,  is  2  hours  51^  minutes. 


*  The  co-sine  of  SG®  (X,  or  of  B  Q. 
t  The  co-sinc  of  5l<>  30',  or  of  QZ. 
t  The  co-sinc  of  38^  30',  or  of  fmii. 
$  The  co-tani?cnt  of  36**,  or  of  I)fr. 
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xxnV  3.  And  thus  having  found  the  exact  latitude 
and  longitude  of  the  place  D^  to  whose  horizon 
the  vertical  plane  at  Z  is  parallel^  we  shall 

f proceed  to  the  construction  of  a  horizontal  dial 
or  the  place  />,  whose  latitude  is  30°  14'  south ; 
but  anticipating  the  time  at  H  by  S  hours  51 
minutes^  (neglecting  the  |  minute  in  practice) 
because  D  is  so  far  westward  in  longitude  from 
the  meridian  of  London;  and  this  will  be  a 
true  vertical  dial  at  London^  declining  west- 
ward 36  degrees. 
Fig.  3.  Assume  any  right  line  CSL  for  the  substile 
of  the- dial,  and  make  the  angle  KCJP  equal  to 
the  latitude  of  the  place  (viz.  30^  14')  to  whose 
horizon  the  plane  of  the  dial  is  parallel ;  then 
CRP  will  be  the  axis  of  the  stile,  or  edge  that 
casts  the  shadow  on  the  hours  of  the  day,  in  the 
dial.  This  done,  draw  the  contingent  line  £Q, 
cutting  the  substilar  line  at  right  angles  in  IC ; 
and  from  K  make  KR  perpendicular  to  the  axis 
CUP.  Then  KG  {^KRJ  being  made  radius, 
that  is  equal  to  the  chord  of  60°,  or  tangent  of 
43°,  on  a  good  sector  take  4S°  5S',  (the  differ- 
ence of  longitude  of  the  places  Z  and  DJ  from 
the  tangents,  ami  having  set  it  from  R  to  •/!/, 
draw  CM  for  the  hour-line  of  XII.  Take  iCJV 
equal  to  the  tangent  of  an  angle  less  by  15  de- 
grees than  KM  ;  that  is,  the  tangent  2/°  58' ; 
and  through  tlie  point  JV*draw  CJ^Ttov  the  hour- 
line  of  I.  The  tangent  of  13°  52',  (which  is 
15°  less  than  27°  52')  set  off  the  same  way,  will 
give  a  point  between  K  and  t^,  through  which 
tlie  hour-line  of  II  is  to  be  drawn.  The  tangent 
of  2°  8',  (the  difference  between  45°  and 43°  52') 
placed  on  the  other  side  of  Cli,  will  detennine 
the  point  through  which  the  hour-line  of  III  is 
t(j  be  drawn :  to  which  2°  8'^  if  the  tangent  of 
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a 

15^  be  added^  it  will  make  17^8';  and  this  set  « 

off  from  JK*  toward  Q,  on  the  line  J&Q,  will  give 
the  point  for  the  hour-line  of  IV;  and  so  of  the 
rest.  The  forenoon-hour-lines  are  drawn  the 
same  way,  by  the  continual  addition  of  the 
tangents  15%  30°,  45°,  &c.  to  42°  52',  (=  the 
tangent  of  ICMJ  for  the  hours  of  XI,  X,  IX^ 
&c.  as  far  as  necessary ;  that  is,  until  there  be 
five  hours  on  each  side  of  the  substile.  The 
sixth  hour^  accounted  from  that  hour  or  part  of 
the  hour  on  which  the  substile  falls,  will  be  al- 
ways in  a  line  perpendicular  to  the  substile, 
and  drawn  through  the  centre  C 

4.  In  all  erect  dials,  CMj  the  hour-line  of 
XII,  is  perpendicular  to  the  horizon  of  the 
place  for  which  the  dial  is  to  serve :  for  that 
line  is  the  intersection  of  a  vertical  plane  with 
the  plane  of  the  meridian  of  the  place,  both 
which  are  perpendicular  to  the  plane  of  the  ho- 
rizon :  and  any  line  //O,  or  ho^  perpendicular  to 
CM  J  will  be  a  horizontal  line  on  the  plane  of  the 
dial,  along  which  line  the  hours  may  be  num- 
bered :  and  CM  being  set  perpendicular  to  the 
horizon,  the  dial  will  have  its  true  position. 

5.  If  the  plane  of  the  dial  had  declined  by 
an  equal  angle  toward  the  east,  its  description 
would  have  differed  only  in  this,  that  the  hour- 
line  of  XII  would  have  fallen  on  the  other  side 
of  the  substile  CLy  and  the  line  UO  would 
have  had  a  sub-contrary  position  to  what  it  has 
in  this  figure. 

6.  And  tiiese  two  dials,  with  the  upper  points 
of  their  stiles  turned  toward  the  north  pole,  will 
serve  for  the  other  two  planes  parallel  to  tliem ; 
the  one  declining  from  the  north  toward  the 
east,  and  the  other  from  the  north  toward  the 
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i^AiE    west^  be  the  same  quantity  of  angle.    The  like 
^^^^      holds  true  of  all  dials  in  general,  whatever  be 

their  declination   and  tite  obliquity  of  their 

planes  to  the  horizon. 


CASE  II. 

tig.  3.  y.  "When  the  plane  of  the  dial  not  only  de- 
clines^ but  also  reclinoSj  or  incliues.  Suppose 
its  declination  from  fronting  the  south  S  be 
equal  to  the  arc  SI)  on  the  horizon ;  and  its  re- 
clination  be  equal  to  the  ai'c  ltd  of  the  vertical 
circle  DZ;  then  it  is  plain,  that  if  tlie  quadrant 
.  of  altitude  Zd])^  on  the  globe,  cut  the  point  D 
in  the  horizon,  and  the  reclination  be  counted 
upon  the  quadrant  from  1)  to  di  the  intersec- 
tion of  the  hour-circle  Plld^  with  the  equinoc- 
tial WQEy  will  determine  Hd^  the  latitude  of 
the  place  d,  whose  horizon  is  parallel  to  the 
given  plane  Zh  at  Z;  and  11(1  will  be  the  dif- 
fei*ence  in  longitude  of  the  planes  at  d  and  Z. 
Trigonometrically  thus :  let  a  great  circle 
pass  through  the  three  points  W,  dj  K :  and 
in  the  triangle  WBdy  right-angled  at  l),  the 
sides  Wl)  and  Dd  are  given  ;  and  thence  the 
angle  DWd  is  found,  and  so  is  the  hypothc- 
nuse  Wd.  Again,  the  difference,  or  the  sum 
o{  DWd  vmADWRf  the  elevation  of  the  equi- 
noctial above  the  horizon  of  Zy  gives  the  angle 
dJVIij  and  the  liypothenusc  of  the  triangle 
WRd  was  just  now  found ;  whence  the  sides 
Rd  and  WR  are  found,  the  former  being  the 
latitude  of  the  place' (2,  and  the  latter  the  com- 
plement of  It^  the  dijBerencc  of  longitude 
sought. 


V 
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Thus,  if  the  latitude  of  the  place  Z  be  SS^p^atis 
40'  north;  the  declination  Sli  of  the  plane ^^"'' 
Zh  (which  would  be  horizontal  at  dj  36°,  and 
the  reclination  15^,  or  equal  to  the  arc  Dd ; 
the  south  latitude  of  the  place  d,  that  is,  the 
arciirf,  will  be  15^9';  and  KQ?  the  differ- 
CQce  of  the  longitude,  36^  3'.  From  these 
data,  therefore,  let  the  dial  (Fig.  4.)  be  de- 
scribed, as  in  the  former  example. 

8.  Only  it  is  to  be  observed,  that  in  the  re- 
clining or  inclining  dials,  the  horizontal  line 
will  not  stand  at  right  angles  to  the  hour-line 
of  X£[,  as  in  erect  dials ;  but  its  position  may 
be  found  as  follows. 

To  the  common  substilar  line  CKL,  on  ^'tr-  ^ 
which  the  dial  for  the  place  d  was  described^ 
draw  the  dial  Crpm  13  for  the  place  1>,  whose 
declination  is  the  same  as  that  of  d^  viz.  the 
arc  SV;  and  7/0,  perpendicular  to  C/w,  the 
hour-line  of  XII  on  this  dial,  will  be  a  hori- 
zontal line  on  the  dial  CPRM  XII.  For  the 
declination  of  both  dials  being  the  same,  the 
horizontal  line  remains  parallel  to  itself,  while 
the  erect  position  of  one  dial  is  reclined  or  in- 
clined with  Respect  to  the  position  of  the  other. 

Or,  the  position  of  the  dial  may  be  found  by 
applying  it  to  its  plane,  so  as  to  mark  the  true 
hour  of  the  day  by  the  sun,  as  shown  by  ano- 
ther dial ;  or,  by  a  clock  regulated  by  a  true 
meridian-line  and  equation-table. 

9.  There  are  several  other  things  requisite 
in  the  practice  of  dialing:  the  chief  of  which 
I  ^hall  give  in  the  form  of  arithmetical  rules, 
simple  and  easy  to  those  who  have  learned  the 
elements  of  trigonometry.  For,  in  practical 
arts  of  this  kind,  arithmetic  should  be  lifted  jas 

vol  .  TT   "  V 
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xxuf  ^^^  ^^  ''  ^^"  S® '  ^^^  scales  never  trusted  to^ 
except  in  the  final  construction,  where  they  arc 
absolutely  necessary  in  laying  down  the  calcu- 
lated hour-distances  on  the  plane  of  the  dial* 
And  although  the  inimitable  artists  of  this  me- 
tropolis have  no  occasion  for  such  instructions^ 
yet  tliey  may  be  of  some  use  to  students^  and 
to  private  gentlemen^  who  amuse  themselves 
this  way. 


KULK  I. 

To  find  the  angles  which  the  hour-lines  on  any 
dial  make  with  the  substilc. 

To  the  logarithmic  sine  of  the  given  latitude^ 
or  of  the  stile's  elevation  above  the  plane  of  the 
dial^  add  the  logarithmic  tangent  of  the  hour* 
distance*  from  the  meridian^  or  from  the  sub- 
stile  ;t  and  the  sum  minus  radius  will  be  the 
logarithmic  tangent  of  the  angle  sought. 

For,  in  Fig.  S.  ICC  is  to  ti'M  in  the  ratio 
compounded  of  the  ratio  of  JCC  to  ICG  {^RRJ 
and  of  ICG  to  KM :  which^  making  CK  the 
radius,  10,000000,  or  10,0000,  or  10,  or  1,  are 
the  ratio  of  10,000000,  or  of  10.0000,  or  of  10, 
ov  oiUio  KG  X  ICM. 

Thus,  in  a  horizontal  dial,  for  latitude  ^1^ 
30',  to  find  the  angular  distance  of  XI  in  the 
forenoon,  or  1  in  the  afternoon,  from  XII. 


•  That  is,  or  15,  DO,  45  60,  75*^,  for  the  ho?irs  of  I.  n.  HI,  IV, 
V,  in  ihciitternouri;  and  XI,  X,  IX,  VHI,  Vll,  in  the  forenoon. 

f  In  all  horizontal  dials,  and  erect  nortii  or  south  dluls,  tho 
substile  and  meridian  ai'c  tlic  same :  bi.t  in  all  declining^  diali^ 
t!ic  subdtUedine  makes  an  angle  with  the  meridian. 
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To  the  logarithmic  sine  of  51°  30'  9.89354* 
Add  the  logarithmic  tang,  of  51''    0'  9.43805 


The  sum — radius  is  •  •  .#  .  9.3S159=3 
the  logarithmic  tangent  of  11°  50',  or  of  the 
angle  which  the  hour-line  of  XI  or  I  makes 
with  the  hour  of  XH. 

And,  by  computing  in  this  manner,  with  tlie 
sine  of  the  latitude,  and  the  tangents  of  30,  4^, 
80,  and  rS^'y  for  the  hours  of  11,  III,  IV,  and 
V,  in  the  afternoon ;  or  of  X,  IX,  VIII,  and 
VII,  in  the  forenoon,  you  will  find  their  angu- 
lar distances  from  XII  to  be  24°  18',  38°  3', 
53°  35',  and  ri""  6' :  which  are  all  that  tliere 
is  occasion  to  compute  for.  And  these  distan- 
ces may  be  set  off  from  XII  by  a  line  of  chords ; 
or  rather,  by  taking  1000  from  a  scale  of  equal 
parts,  and  setting  tliat  extent  as  a  radius  from 
C  to  XII :  and  then,  taking  209  of  the  same 
parts,  (which,  in  the  tables,  is  the  natural  tan- 
gent of  11°  50')  and  setting  this  from  XII  to 
XI  and  to  I,  on  tlie  line  ho,  which  is  perpen- 
dicular to  C  XII :  and  so  for  the  rest  of  the  Fig.  c 
hour-lines,  which,  in  the  ta1)lc  of  natural  tan- 
gents, against  the  above  distances,  are  451, 
782,  1355,  and  2920,  of  such  equal  parts  from 
XII,  as  the  radius  C  XII  contains  1000.  And 
lastly,  set  off  1257,  (the  natural  tangent  of  51° 
30')  for  the  angle  of  the  stile*s  lieight,  which  ia 
equal  to  the  latitude  of  the  pLace.f 

The  reason  why  I  prefer  the  use  of  the  ta- 
bular numbers,  and  of  a  scale  decimally  divid- 

*  In  which  case,  the  radins  CA'is  supposed  to  be  divided  into 
lOOOUOO  ccpial  parts. 

f  Sec  note  6,  Icct.  X.--A   En, 
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eif  to  that  of  the  line  of  chords,  is  because  there 
is  the  least  chance  of  mistake  and  eri'ur  in  this 
-way;  and  likewise,  because,  in  some  cases,  it 
gives  us  the  a4\'antage  of  a  nonius  division.* 

In  the  universal  ring-dial,  for  instance,  the 
divisions  on  the  axis  ai'e  the  tangents  of  the 
angles  of  the  sun*s  declination,  placed  on  either 
side  of  the  centre.  But,  instead  of  laying  them 
down  from  a  line  of  tangents,  I  would  make  a 
scale  of  equal  parts,  whereof  1000  should  an- 
swer exactly  to  the  length  of  the  semi-axis, 
fi*om  the  centre  to  the  inside  of  the  equinoctial 
ring;  and  then  lay  down  43*  of  these  parts  to- 
ward each  end  from  the  centre,  which  would 
limit  all  the  divisions  on  the  axis,  because  iS-h 
is  the  natural  tangent  of  S3^  29\  And  thus, 
by  a  nonius  affixed  to  the  sliding-piece,  and 
taking  the  sun^s  declination  from  an  epheme- 
ris,  and  the  tangent  of  that  declination  from 
the  table  of  natural  tangents,  the  slider  might 
be  always  set  trae  to  w  ithin  two  minutes  of  a 
degi'ee. 

And  this  scale  of  434<  equal  parts  might  be 
placed  right  against  the  2Sl  degrees  of  the  suu*S( 
declination,  on  the  axis,  instead  of  the  sun*s 
place,  which  is  there  of  very  little  use.  For 
then,  the  slider  might  be  set  in  the  usual  way, 
to  the  day  of  the  month,  for  common  use  ;  but 
to  the  natural  tangent  of  the  declination,  when 
great  accuracy  is  required. 

*  This  scale  for  sub-ciividin^  the  limbsi  of  qiiadrsnts,  and  the 
iiivisions  of  otlif-r  iruthciRUticail  instruments,  is  'mpr-pcrly  call- 
ed u  A*;;:;T;f,  tVom  (.ne  Nonius,  who  is  supposed  to  be  its  invent- 
.T.  i'he  honovir  t-t  the  invention  is  due  to  Peter  V^^I  .or,  a 
'"iLRch  gv':tlem;ii..  f:'.->m  whom  it  frequentl;.  receives  its  name 
riic  simples*  in  J  most  perspicuous  expianaiicn  r  f  th'  •■a'urc 
uid  cor.structionj>f  the  Vernier  scale,  that  I  have  n-c:  ^^  .*h,  is  in 
>c::^h'3  Optics.  tuL  ii.  i>.  358,  3?l'.— E  Ep. 
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The  like  may  be  done  wherever  a  scale  of  Plite 
tines  or  tangents  is  required  on  any  iustrumcnt.  ^^^^* 


RULE  II, 

Whe  latitude  of  the  place,  the  sun^s  declination^ 
and  hia  hour-distance  from  the  meridian^  be- 
ing given ,  to  find  (1.)  his  altitude  ;  (2.)  his 
azimuth. 

1.  Let  d  be  the  sun's  place^  dJl  his  declina-Fig.  3. 
iion :  and  in  the  triangle  FZd,  Pd  the  sum^  or 
the  difference^  of  dM,  and  the  quadrant  PR 
being  given  by  the  supposition^  as  also  the 
complement  of  the  latitude  PZ,  and  the  angle 
iPZy  v^hich  measures  the  horary  distance  of  d 
from  the  meridian;  we  shall  (by  case  %  of 
KeilPs  oblique  spheric  trigonometry)  find  the 
base  Zd,  which  is  the  sun's  distance  from  the 
au^nith^  or  the  complement  of  bis  altitude. 

And  S.  As  sine  Zd  :  sine  Pd  :  :  sine  dPZ  : 
sine  dZP,  or  of  its  supplement  DZS,  the  azi- 
muthal  distance  from  the  south. 

Or^  the  practical  rule  may  be  as  follows  : 

Write  A  for  the  sine  of  the  sun's  altitude^ 
L  and  I  for  the  sine  and  co-sine  of  the  latitude, 
D  and  d  for  the  sine  and  co-sine  of  the  sun*s 
declination,  and  H  for  the  sine  of  the  horary 
distance  from  VI. 

Then  the  relation  of  //  to  nS.  will  have  three 
varieties. 

1.   When  the  decliuation  is  toward  the  ele- 
vated pole,  and  the  hour  of  the  day  is  between 
XII  and  VI;   it  is  A  ^  LI)  +  Ull),  and 
A— LI). 

ir= 

Id 
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S.  When  the  hour  is  after  TI,  it  is  A^LD 

LDxA. 

—Hid,  and  ir=^ 

Id 
3.  When  the  declination  is  toward  the  de- 
pressed pole^  ^'e  have  •is^Hld — LD^  and 
dxLD. 

Id 
These  theorems  will  he  found  useful,  and 
sufficiently  expeditious  for  solving  those  pro- 
blems in  geography  and  dialing,  which  depend 
on  the  relation  of  the  sun's  altitude  to  the  hour  of 
'  the  day. 


EXAMPLE  I. 

Suppose  the  latitude  of  the  place  to  be  514 
degrees  north ;  the  time  five  hours  distant  from 
XII^  that  is.  an  hour  after  VI  in  the  morning, 
or  before  VI  in  the  evening;  and  the  sun's 
declination  20^  north. — Required  the  suns  al- 
titude ? 

Then,  to  long.  L  =  long,  sine  dl'^  38'  1.893M« 
add  log.  J9  =r  log.  sine  20^    0'  1.53405 

Their  sum 1.42759 

gives  LD:=z  logarithm  of  0.267664^  in  the  na. 
tural  sines. 


•  Here  we  consider  the  radius  as  unity*  and  not  10,00000,  by 
which,  instead  of  the  index  9,  we  haTe— 1,  as  above:  which  is  of 
no  further  use,  than  making  the  work  a  little  easier- 
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And,  to  log.  iff  =  log.  6ine*  13°  0'       1.41300 
5i.lrl   J     *^S-  ^  =  *®S-  sinet  38°  0' 
C     l^S-  ^  =  log-  s"iet  70°  0' 


1.794^14 
1.97300 


Their  #um 1.18014 

gives  Hid  =  logarithm  of  0.i91408,  in  the  na- 
tural sines. 

And  these  two  numbers  (0.367664  and 
0.131408)  make  0.419072  =  ^;  which,  in  the 
table,  is  the  nearest  natural  sine  of  24°  47',  the 
isun's  altitude  sought. 

The  same  hour-distance  beiug  assumed  on 
the  other  side  of  VI,  then  LD — Hid  is 
0.116256,  the  sine  of  6°  40^';  which  is  tlie 
sun's  altitude  at  Y  in  the  moi-ning,  or  VII  in 
the  evening,  when  his  north  declination  is  20°. 

But  when  the  declination  is  20°  south,  (or 
toward  the  depressed  pole)  the  difference 
Hid — LD  becomes  negative,  and  thereby 
shows  that,  an  hour  before  VI  in  the  morning, 
or  past  VI  in  the  evening,  the  sun's  centre  is 
6°  40^'  below  the  horizon. 


EXAMPLE  ir. 

In  the  same  latitude  and  north  declination, 
from  the  altitude  given,  to  find  the  hour. 
Let  the  altitude  be  48° ;  and  because,  in  this 
A— LB, 

case  H  = and  A  (tlie  natural  sine  of 

Id 
48°)  =  .743145,  and  LD  =  .267664,  A~LB 

*  The  distance  of  one  hour  from  Vr 
t  The  CO -latitude  of  the  place. 
%  The  CO -declination  of  the  sun. 
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will  be  0.475481^  whose  logarithmic 

sine  is •  1.6771331 

from  which  taking  the  logarithmic 

sme  of  /  X  <i  =3    .    .     .    .      1.7671345 


Remains     .......      1.9099977 

the  logarithmic  sine  of  the  hour-distance  sought^ 
viz.  of  54°  23' ;  which,  reduced  to  time,  is  3 
hours  37^  min.  that  is,  IX  h.  37|  min.  in  the 
forenoon,  or  II  h.  SS^  min.  in  the  afternoon. 

Put  the  altitude  =  18°,  whose  natural  sine 
is  .3090170;  and  thence  Jl — LD  will  be  =: 
.0491953;  which,  divided  by  IBd,  gives 
.0717179,  the  sine  of  4°  6f,  in  time,  16^  min- 
utes  nearly,  before  VI  in  the  morning,  or  after 
VI  in  the  evening,  when  the  sun's  altitude  is 
18°. 

And,  if  the  declination  S0°  had  been  toward 
the  south  pole,  the  sun  would  have  been  de- 
pressed 18°  below  the  horizon  at  I64  minutes 
after  YI  in  the  evening ;  at  which  time,  the 
twilight  would  end ;  which  happens  about  the 
SSd  of  November,  and  19th  of  January,  in  the 
latitude  of  51^°  north.  The  same  way  may 
tlie  end  of  twilight,  or  beginning  of  dawn,  be 
found  for  any  time  of  the  year. 

NOTE  1.— If  in  theorem  2  and  3  (page 
04)  A  be  put  =  4,  and  the  value  of  H  comput- 
ed, we  have  the  hour  of  sun^s  rising  and  set- 
ting for  any  latitude,  and  time  of  the  year. — 
And,  if  we  put  //  =  0,  and  compute  A,  we 
have  the  sun's  altitude  or  depression  at  the 
hour  of  VI.  And,  lastly,  if  tf,  .4,  and  D, 
be  given,  the  latitude  may  be  found  by  the 
resolution  of  a  quadratic  equation ;  for  2  =s 
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NOTE  2.— When  Jl  is  equal  to  0,  /f  is  equal 

^^  TL  X  TI),  the  tangent  of  the  latitude 
la 

multiplied  by  the  tangent  of  the  declination. 

As,-  if  it  was  required,  what  is  the  greatest 

length  of  day  in  latitude  51°  30'  ? 

To  the  log.  tangent  of  51°  .SO'     O.0993948 

Add  the  log.  tangent  of  33°  29'      1.6379564^ 


Their  sum 1.7373511  is 

the  log.  sine  of  the  hour- distance  33°  7' ;  in 
time,  S  h.  IS^m.  The  longest  day,  therefore, 
is  12  h.  +  4?  h.  25  m.  =  1(5  h.  25  m.  And  the 
shortest  day  is  12  li. — 4h.  25  m.  =7  h.  35  m. 

And  if  the  longest  day  be  given,  the  latitude 

if 

of  the  place  is  found;  ——being  equal  to  TX. 

Thus,  if  the  longest  day  be  13|  hours  =  2  x  6  h. 
45  m.  and  45  minutes  in  time  being  equal  to 
•ll^J  degrees: 

From  tlie  log.  sine  of  11°  15'         1.2902357 
Take  the  log.  tang,  of  23°  29'         1.6379562 


Remains 1.6522795  =t 

the  logarithmic  tangent  of  lat.  24°  41'. 

In  the  same  way,  the  latitudes  where  the 
several  geographical  climates  and  parallels 
begio^  may  be  found ;  and  the  latitudes  of 
places,  that  are  assigned  in  authors  from  the 
length  of  their  days,  may  be  examined  and 
corrected. 

NOTE  3. ^The  same  rule  for  finding  the 

longest  day,  in  a  given  latitude,  distinguishes 
the  hour-lines  that  are  necessary  to  be  drawn 
on  any  dial  from  thoiSe  which  would  be  super- 
fluous. 

VOL.  II.  I 
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lu  lat.  5S^  10'  the  longest  day  is  16  h.  3^  m. 
lindthe  hour-lines  ai*e  to  be  marked  from  44m. 
after  III  in  the  mornings  to  16  m.  after  YIII  in 
the  evening. 

In  the  same  latitude^  let  the  dial  of  Art.  7- 
Fig.  4.  be  proposed ;  and  the  elevation  of  its 
stile,  (or  the  latitude  of  the  place  d^  whose  ho- 
rizon is  parallel  to  the  plane  of  the  dial)  being 
15°  9' ;  the  longest  day  at  rf,  that  is,  the  long- 
est time  that  the  sun  can  illuminate  the  plane  of 
the  dial,  will  (by  the  rule  H=.  TL  x  TDJ  be 
twice  6  hours  27  minutes  =  IS  h.  54  m.  The 
difference  of  longitude  of  the  planes  d  and  Z 
was  found  in  the  same  example  to  be  36°  2' ; 
in  time^  3  hours  S4  minutes  ;  and  the  declina- 
tion of  the  plane  was  from  the  south  toward  the^ 
west.  Adding,  therefore,  2  h.  S4  min.  to  5  b. 
33  m.  the  earliest  sun-rising  on  a  horizontal 
dial  at  d,  the  sum  7  h.  57  m.  shows  that  the 
Fig.  3.  morning-hours,  or  the  parallel  dial  at  Z^  ought 
to  begin  at  3  min.  before  YIII.  And  to  the 
latest  sun-setting  at  d^  which  is  6  h.  S7  m.  ad- 
ding the  same  S  h.  S4  m.  the  sum  8  h.  51  m. 
exceeding  6  h.  16  m.  the  latest  sun-setting  at 
Z,  by  35  m.  shows  that  none  of  the  afternoon- 
hour-lines  are  superfluous.  And  the  4  h.  13  m. 
from  in  h.  41  m.  the  sun-rising  at  Z  to  VII 
h.  57  m^  the  sun-rising  at  dy  belong  to  the  other 
face  of  the  dial ;  that  is,  to  a  dial  declining  36^ 
from  north  to  east^  and  inclining  15^. 

EXAMPLE  III. 

Frofu  the  same  data  to  find  the  sun^s  azimuth. 

If  Hf  Ly  and  D,  be  given^  then,  (by  Art.  2. 
of  Rule  II)  from  /f,  having  found  the  altitude 
and  its  complement  Zd  ;  and  the  arc  PjD  (the 
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distance  from  Hie  pole)  being  given^  say^  as  the 
co-sine  of  the  altitade  is  to  the  sine  of  the  dis- 
tance from  the  pole^  so  is  the  sine  of  the  hour- 
distance  from  the  meridian  to  the  sine  of  the 
azimuth-distance  from  the  meridian. 

Let  the  latitude  be  51^  30'  norths  the  decli- 
nation  13^  9'  souths  and  the  time  II  h.  S4<  m. 
in  the  afternoon,  when  the  sun  begins  to  illu- 
minate a  vertical  wall,  and  it  is  required  to  find 
the  position  the  wall. 

Then,  by  the  foregoing  theorems,  the  com- 
plement  of  the  altitude  will  be  81^  32|',  and 
Pd  the  distance  from  the  pole  being  109^  d'> 
and  the  horary  distance  from  the  meridian,  or 
the  angle  of  c^PZ,  SS'^. 

To  log.  sine  74°  51'  1.98464 

Add  log.  sine  36^    C  1.76922 


And  from  the  sum  1.7^386 

Take  the  loz.  sine  Si""  324'  1.99525 


Remains 1.75861= log. 

sine  35^,  the  azimuth-distance  from  the  south. 

When  the  altitude  is  given,  find  from  thence 
the  hour,  and  proceed  as  above. 

This  praxis,  in  finding  the  declination  of  ver- 
tical planes  more  exactly  than  in  the  common 
way,  is  of  singular  use  on  many  occasions ; 
especially  if  the  transit  of  the  sun's  centre  is 
observed  by  applying  a  rule  with  sights,  either 
plane  or  telescopical,  to  the  wall  or  plane  whose 
declination  is  required.  As  in  drawing  a  meri- 
dian-line, and  finding  the  magnetic  variation — 
in  finding  the  bearings  of  places  in  terrestrial 
surveys  ;  the  transits  of  the  sun  over  any  place, 
or  his  hori^^ontal  distance  from  it  being  observ> 
cd,  together  with  the  altitude  and  hour and 


60  Of  Dialing. 

thence  deteimjning  small  differences  of  longi^ 
fnde — in  observing  the  variation  at  sea^  &c. 

The  learned  Mr.  Andrew  Reid  invented  an 
instrument  several  years  ago,  for  finding  the 
latitude  at  sea,  from  two  altitudes  of  the  sun^ 
observed  on  the  same  day,  and  the  interval  of 
the  observations,  mea^sured  by  a  common  watch. 
This  instrument,  whose  only  fault  was  that  of 
its  being  somewliat  expensive,  was  made  by 
Mr.  Jackson.  Tables  have  been  lately  com- 
puted for  the  same  purpose. 

But  we  may  often,  from  the  foregoing  rules^ 
resolve  the  same  problem  without  much  trou- 
ble ;  especially  if  we  suppose  the  master  of 
the  ship  to  know  within  S  or  3  degrees  what 
his  latitude  is — thus. 

Assume  tlie  two  nearest  probalde  limits  of 

the  latitude,  and  by  the  theorem  U  =  ^—4^-5 — ' 

la 

compile  the  hours  oT  observation  for  both  sup- 
positions. If  one  interval  of  those  computed 
hours  coincide  with  the  interval  observed,  th? 
question  is  solved.  If  not,  the  two  distances 
of  the  intervals  computed,  from  the  true  inter- 
val, will  give  a  proportional  part  to  be  added 
to,  or  subtracted  from,  one  of  the  latitudes  as- 
sumed. And  if  more  exactness  be  required, 
the  operation  may  be  repeated  with  the  lati- 
tude  already  found. 

But  wiiichever  way  the  question  is  solved,  a 
proper  allowance  is  to  be  made  for  the  differ- 
ence of  latitude  arising  from  the  ship^'s  course 
in  the  time  between  the  two  observations. 
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Of  the  doubh  horizontal  dial^  and  the  Bahy^ 
Ionian  and  Italian  dials. 

To  the  gnomonic  projection,  there  is  some- 
times added  a  stereographic  projection  of  the 
hour-circles,  and  the  parallels  of  the  sun's  de- 
clination,  on  the  same  horizontal  plane ;  the 
upright  side  of  the  gnomon  being  sloped  into 
an  edge,  standing  perpendicularly  over  the 
centre  of  the  projection  :  so  that  the  dial  being 
in  its  due  position,  the  shadow  of  that  perpen- 
dicular edge  is  a  vertical  circle  passing  through 
the  sun,  in  the  stereographic  projection. 

The  months  being  duly  marked  on  the  dial, 
the  sun's  declination,  and  the  length  of  the  day, 
at  any  time,  are  had  by  inspection;  as  also  his 
altitude,  by  means  of  a  scale  of  tangents.  But 
its  chief  property  is,  that  it  may  be  placed 
true,  whenever  the  sun  shines,  without  the  help 
of  any  other  instniment. 

Let  d  be  the  sun's  place  in  the  stereographic  Fig.  5- 
projection,  xdijz  the  parallel  of  the  sun's  de- 
clination, Xd  a  vertical  circle  through  the  sun's 
centre,  Pd  the  hour-circle  ;  and,  it  is  evident, 
that  the  diameter  JSl^S  of  this  projection  bciug 
placed  duly  noi-th  and  south,  these  three  cir- 
cles will  pass  through  the  point  d.  And,  there- 
fore, to  give  the  dial  its  due  position,  we  have 
only  to  turn  its  gnomon  toward  the  sun,^  on  a 
horizontal  plane,  until  the  hour  on  the  com- 
mon gnomonic  projection  coincides  with  that 
marked  by  the  hour-circle  Pd,  which  passes 
through  the  intersection  of  the  shadow  Zrf  with 
the  circle  of  the  sun's  present  declinafion. 

The  Babylonian  and  Italian  dials  reckon 
the  hours,  not  from  the  meridian,  as  with  us. 
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Plate      (,ut  from. the  sun's  rising  and  Setting.     Thus, 
^  in  Italy,  one  hour  before  sun-set  is  reckoned 

the  S3d  hour ;  two  hours  before  sun-set  the  SM 
hour ;  and  so  of  the  rest.  And  the  shadow  that 
marks  them  on  the  hour-lines,  is  that  of  the 
point  of  a  stile.  This  occasions  a  perpetual 
variation  between  their  dials  and  clocks,  which 
they  must  correct  from  time  to  time,  before  it 
rises  to  any  sensible  quantity,  by  setting  their 
clocks  so  much  faster  or  slower.  And  in  Italy 
they  begin  their  day,  and  regulate  their  clocks, 
not  from  sun-set,  but  from  about  mid-twilight, 
when  the  %S.ve  Maria  is  said ;  which  corrects 
the  difference  that  would  otherwise  be  between 
the  clock  and  the  dial. 

The  improvements  which  have  been  made  in 
all  sorts  of  instruments  and  machines  for  mea» 
suring  time,  have  rendered  such  dials  of  little 
account.  Yet,  as  the  theory  of  them  is  inge- 
nious, and  they  are  really^  in  some  respects, 
the  best  contrived  of  any  for  vulgar  use,  a  ge- 
neral idea  of  their  description  may  not  be  un- 
acceptable. 

Let  Fig.  5.  represent  an  erect-direct  south 
wall,  on  wliich  a  Babylonian  dial  is  to  be  drawn, 
showing  the  hours  from  sun-rising ;  the  lati- 
tude of  the  place,  whose  horizon  is  parallel  to 
the  wall,  being  equal  to  the  angle  £*C72.  Make, 
as  for  a  common  dial,  ICG=iKRf  (which  is  per- 
pendicular to  CRJ  the  radius  of  the  equinoctial 
ft£?^  and  draw  RS  pei*pcndicular  to  CK  for 
the  stile  of  the  dial ;  the  shadow  of  whose  point 
R  is  to  mark  the  hours,  wiien  SR  is  set  upright 
on  the  plane  of  the  dial, 

Theifitis  evident,  that  in  the  contingent  line 
.®Q,  the  spaces  i^ri,  K2,  jK*3,  &c.  being  taken 
equal  to  the  tangents  of  the  hour-distances  from 


Cf  moling.  (53 

the  meridian^  to  the  radius  KG,  oiie^  two^  three^ 
&c.  hours  after  sun-risings  on  the  equinoctial 
day,  the  shadow  of  the  point  R  will  be  founds 
at  these  times^  respectively  in  the  points  1^  2, 
3^  &c. 

Draw^  for  the  like  hours  after  sun-rising, 
when  the  sun  is  in  the  tropic  of  Capricorn  ^f5  t% 
the  like  common  lines  CD^  CE,  CFj  &c.  and 
at  these  hours  the  shadow  of  the  point  R  will 
be  found  in  those  lines  respectively.  Find  the 
sun^s  altitudes  above  the  plane  of  the  dial  at 
these  hours,  and  with  their  co-tangents  Sd^  Se, 
Sfy  &c.  to  radius  SRy  describe  arcs  intersect- 
ing the  hour-lines  in  the  points  d^  e^  /,  &c.  so 
shall  the  right  lines  i  dy  %e,  3/,  &c.  be  the 
lines  of  I,  II,  III,  &c.  hours  after  sun-rising. 

The  construction  is  the  same  in  every  other 
case^  due  regard  being  had  to  the  difference  of 
longitude  of  the  place  at  which  the  dial  would 
be  horizontal,  and  the  place  for  which  it  is  to 
serve.  And,  likewise,  taking  care  to  draw  no 
lines  but  what  are  necessary ;  which  may  be 
done,  partly  by  the  rules  already  given  for  de- 
termining the  time  that  the  sun  shines  on  any, 
plane,  and  partly  from  this,  that  on  the  tropi- 
cal days  the  hyperbola  described  by  the  sha- 
dow of  the  point  R  limits  the  extent  of  all  the 
hour-lines. 

The  most  useful,  however,  as  well  as  the 
simplest,  of  such  dials,  is  that  which  is  de- 
scribed on  the  two  sides  of  the  meridian-plane. 

That  the  Babylonian  and  Italic  hours  are 
truly  enough  marked  by  right  lines,  is  easily 
shown.  Mark  the  three  points  on  a  globe^ 
where  the  horizon  cuts  the  equinoctial,  and  the 
two  tropics,  toward  the  east  or  west :  and  turn 
the  globe  on  its  axis  15^,  or  1  hour;  and  it  in 
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plain  tliat  the  llireo  points  whicli  were  in  a 
great  circlo,  (\  r/.  llic  horizon)  will  be  in  a  great 
circle  still :  wliieh  Avill  be  projected  geometri- 
cally into  a  strai,::;ht  line.  But  these  three  points 
are  uiiiveisally  tlie  sun's  places^  one  hoar  after 
snn-set,  (or  one  liour  before  sun-rise)  on  the 
ccjuinoetial  and  solstitial  days.  The  like  is  true 
of  all  other  circles  of  declination^  as  well  as  tlie 
tropics :  and  therefore  the  hours  on  such  dials 
are  truly  marked  by  straight  lines  limitted  by 
the  ])rojeciion.s  of  the  tropics ;  and  which  are 
rightly  drawn,  as  in  the  foregoing  example. 

JVole  1. — The  same  dials  may  be  delineated 
without  the  hour-lines,  CJ),  CE^  CI)  &c.  by 
setting  oiV  the  sun*s  azimuths  on  the  plane  of 
the  dial,  from  the  centre  S^  on  either  side  of 
the  subslile  CS£\  and  tlie  corresponding  co- 
tangents  of  altitude  from  the  same  centre  S, 
for  I,  II,  III,  &c.  hours  before  or  after  the 
sun  is  in  the  horizon  of  the  place  for  which 
the  dial  is  to  serve,  on  the  equinoctial  and  sol- 
stitial days. 

2. — One  of  these  dials  has  its  name  from  the 
hours  being  reckoned  from  sun-rising,  the  be- 
ginning of  the  Babylonian  day.  But  we  are  not 
thence  to  imagine  that  the  equal  hours,  which 
it  shows,  were  those  in  which  the  astronomers 
of  that  country  marked  their  observations. — 
Those,  Ave  know  with  certainty,  were  unequal 
like  the  ,lewish,  as  being  twelfth  parts  of  the 
natural  day  :  and  an  hour  of  the  night  was,  in 
like  manner,  a  twelfth  part  of  the  night ;  longer 
or  shorter,  according  to  the  season  of  the  year. 
8o  that  an  hour  of  the  day,  and  an  hour  of  the 
night,  at  the  same  place,  would  always  make 
^\  of  24.  or  2  equinoctial  lioiirs.  In  Palestine, 
among  the  Ilomans,  and  in  several  other  coun- 
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tries^  three  of  these  unequal  nocturnal  hours 
Were  a  vigilia^  or  watch.  And  the  reduction 
of  equal  and  unequal  hours  into  one  another  is 
extremely  easy.  If^  for  instance,  it  is  found^ 
by  a  foregoing  rule,  that,  in  a  certain  latitude,  ^ 
at  a  given  time  of  the  year,  the  length  of  a 
day  is  14  equinoctial  hours,  tlie  une([ual  hours 
is  then  44  or  1^  of  an  hour,  that  is,  70  minutes ; 
and  the  nocturnal  hour  is  dO  minutes.  The 
first  watch  begins  at  VII  (sun-set) ;  the  second 
at  3  times  50  minutes  after ;  viz.  JX  h.  30  m. 
the  third  always  at  midnight;  the  morning 
natch  at  half  an  hour  past  11. 

If  it  were  required  to  draw  a  dial  for  shew- 
ing these  unequal  hours,  or  12th  parts  of  the 
day,  we  must  take  as  many  declinations  of  the 
*  sun  as  are  thought  necessary ii  from  the  equatoi^ 
toward  each  tropic  :  and  having  computed  the 
8un*s  altitude  and  azimuth  for  -^\y  -?^,  ^^th 
parts,  &c.  of  each  of  the  diurnal  arcs  belon^- 
mg  to  the  declinations  assumed :  by  these,  the 
several  points  in  the  circles  of  declination^ 
where  the  shadow  of  the  stile's  point  falls,  are 
determined;  and  curve-lines  drawn  throus;h 
the  points  of  a  homologous  division  ^vill  be  the 
hour-lines  required.* 

Cf  the  right  placing  of  dials,  and  having  a 
true  meridian-line  fur  the  regulating  of 
clocks  and  watches. \ 

The  plane  on  which  the  dial  is  to  rest,  be« 
ing  duly  prepared,  and  every  thing  necessary 

*  For  a  description  of  a  curious  Analemmatic  dialyVhich  can 
be  properly  placed  without  a  mariner's  needle,  or  a  meridian- 
line,  and  which  can  be  drawn  in  a  (garden,  the  spectator  beinjf 
its  stile,  See  Appendix^  vol.  ii. — ^E.  Es. 

fin  anoUier  work,  when  speaking  upon  the  placing  of  sun-di- 
ils.  our  author  obbervcs,  *  tlutt  if  die  dial  be  made  according  to 
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for  fixiug  it,  you  may  find  the  hour  tolerably 
exact  by  a  large  equinoctial  ring-dial,  and  set 
your  watch  to  it.  And  tlicu  the  dial  may  be 
fixed  by  the  watch  at  your  leisure. 
^  If  you  would  be  more  exact,  take  the  sun's 
altitude  by  a  good  quadrant,  noting  the  precise 
time  of  o])servation  by  a  clock  or  watch.  Then, 
compute  the  time  for  the  altitude  observed,  (by 
the  rule,  page  73)  and  set  the  watch  to  agree 
with  that  time,  according  to  the  sun.  A  Had- 
ley's  quadrant  is  very  convenient  for  this  pur- 
pose ;  for,  by  it  you  may  take  the  angle  be- 
tween tlie  sun  and  his  image,  reflected  from  a 
bason  of  water  :  the  half  of  which  angle,  sub- 
tracting tlie  refraction,  is  the  altitude  required. 
This  is  best  done  in  summer,  and  tlie  nearer 
the  $un  is  to  the  prime  vertical  (tlie  east  or 
wxst  azimuth)  when  the  observation  is  made^ 
so  much  the  better. 

*  the  strictest'  rules  of  calculation,  and  he  tnilv  set  the  instant 

*  when  the  sun's  centi-e  is  on  the  meridian,  it  will  he  a  minute 
'  too  fubt  in  the  forenoon,  and  a  minute  too  slow  in  the  afternoon, 
'  by  the  shadow  of  the  stile ;  for  the  edge  of  the  shadow  that 
■  shews  the  time  is  even  witli  the  sun's  foremost  cdfjc  all  the 

*  time  before  noon,  and  even  with  his  hindermost  all  the  after- 

*  noon  on  tlie  dial.  But  it  is  the  sun's  centre  that  determines  th^ 
'  time  in  the  supposed  hour-circles  of  tlie  heavens:  and  as  the 

*  f.un  is  half  a  deforce  in  breadth,  he  takes  two  minutes  to  move 
«  through  a  space  equal  to  his  breadth,  so  that  there  will  be  two 
'  minutes  at  noon  in  which  the  shadow  will  have  no  motion  at 
'  all  on  the  dial.    Consequently,  if  the  dial  be  set  true  by  the  sun 

*  in  the  forenoon,  it  will  be  two  minutes  too  slowinthe  aftei-noon, 

*  and  if  it  be  set  true  in  the  afternnon,  it  will  be  two  minutes  too^ 

*  fast  in  the  forenoon.  The  only  way  that  I  know  of  to  remedy 
'  this  is,  to  stt  every  hour  and  minute  division  on  the  dial  one 

*  minute  nearer  12  than  the  calculation  makes  it  to  be.'  Table:^ 
and  Tracts,  2d  ed.  ];.  73. 

Thcs8  observations  arc  new,  and  just  enough  in  themselves; 
but  the  evil  which  the  amho**  points  out  may  be  remedied  by  ob- 
Bervingthc  middle  of  the  shadows  penumbra,  which  corresponds 
with  tlie  stjn's  centre,  instead  of  ihc  border  of  the  real  shadow  ; 
and  I  believe  it  will  be  foiuid,  that  ever}-  pei  .son  natnr:*ily  docs 
this  when  he  determines  the  hour  of  the  dav  upon  a  sun- dial.— 
It.  Ed. 
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Or,  in  summer,  take  two  equal  altitudes  of 
ike  sun  on  the  same  day ;  one  any  time  be- 
tween Vn  and  X  in  the  morning,  the  otlier 
between  II  and  V  in  the  afternoon,  noting 
the  moments  of  these  two  observations  by  a 
clock  or  watch :  and  if  the  watch  shows  the 
observations  to  be  at  equal  distances  from 
noon,  it  agrees  exactly  with  the  sun ;  if  not, 
the  watch  must  be  corrected  by  half  the  dif- 
ference  of  the  forenoon  and  afternoon-inter- 
vals ;  and  then  the  dial  may  be  set  ti*ue  by  tlie 
watch. 

Thus,  for  example,  suppose  you  have  taken 
the  sun's  altitude  when  it  was  SO  minutes  past 
Till  in  the  morning  by  the  watch,  and  found, 
by  observing  in  the  afternoon,  that  the  sun 
had  (he  same  altitude  10  minutes  before  IV, 
then  it  i^  plain,  that  the  watch  was  d  minutes 
too  fast  for  the  sun  ;  for  5  minutes  after  XII 
is  the  middle  time  between  YIII  h.  20  m.  in 
the  morning,  and  III  h.  50  m.  in  the  after- 
noon ;  and,  therefore,  to  make  the  watch  agree 
with  the  sun,  it  must  be  set  back  five  min- 
utes.* 

A  good  meridianMne,  for  regulating  clocks  A  meHiH- 
or  watches,  may  be  had  by  the  following  me-  ""•''■'«' 
thod : 

Make  a  round  hole,  almost  a  quarter  of  an 
inch  diameter,  in  a  thin  ^>Iate  of  metal ;  and 

•  The  above  method  of  fiimling:  tho  hour  of  the  day  hy  corres- 
ponding^ uUittidcs  (if  ilic  sun  or  stars,  iv  the  easiest  :ind  most  cor- 
rect tlut  can  be  employed.  Owing-,  however,  to  the  chnnjfc  that 
takes  place  in  the  sun's  declination  before  the  arternoon-ultitude 
is  taken,  it  is  liable  to  an  error,  which,  at  a  maximum,  amounts 
to  30  seconds  at  t!ie  tinu-  of  the  equinoxes.  A  table  containinij 
this  correction,  whi^li  depends  upon  ihe  interval  bctw ecr.  the  al- 
titudes, and  upon  the  declination  of  the  sun,  may  be  seen  in  th'* 
Astronomie  dt-  I/i  I.uiKle,  and  in  the  Tubles  dc  Ujrlin,  turn,  i,  p 
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fix  tlic  plate  in  the  top  of  a  south  window^  iti 
such  a  manner^  that  it  may  recline  from  the 
zenith  at  an  angle  equal  to  the  co-latitude  of 
your  place,  as  nearly  as  you  can  guess ;  for 
then  the  plate  will  face  the  sun  directly  at 
noon  on  tlie  equinoctial  days.  Let  the  sun 
shine  freely  through  the  hole  into  the  room ; 
and  hang  a  plumb-line  to  the  ceiling  of  the 
room ;  at  least  five  or  six .  feet  from  the  win- 
dow, in  such  a  place  as  that  the  sun's  rays, 
transmitted  through  the  hole,  may  fall  upon 
the  line  when  it  is  noon  by  the  clock  :  and 
having  marked  the  said  place  on  the  ceiling, 
take  away  the  line. 

Having  adjusted  a  sliding  bar  to  a  dove-tail 
,  groove,  in  a  piece  of  wood  about  18  inches 

long,  and  fixed  a  liook  in  the  middle  of  the 
bar,  nail  the  wood  to  the  above-mentioned 
place  on  the  ceiling,  parallel  to  tiie  side  of  the 
room  in  which  the  window  is ;  the  groove  and 
bar  being  toward  the  window.  Then  hang  the 
plumb-line  upon  the  hook  of  the  bar,  the 
weight  or  plummet  reaching  almost  to  the 
floor ;  and  the  whole  will  l)e  prepared  for  far- 
ther and  proper  adjustment. 

This  done,  find  the  (rue  solar  time  J)y  either 
of  the  two  last  methods,  and  thereby  rei^ulate 
your  clock.  Then,  at  the  moment  of  next 
noon  by  the  clock,  when  the  sun  shines,  move 
.  the  sliding-bar  in  the  groove  until  the  shadow 
of  the  plumb-line  bisects  the  image  of  the  sun 
(made  by  his  rays  transmitted  through  .the 
hole)  on  the  floor,  wall,  or  on  a  white  scrfeen 
placed  on  the  north -side  of  the  line:  the  plum- 
met or  weight  at  the  end  of  the  line  hanging 
freely  in  a  pail  of  water  placed  below  it  on 
|he  floor.     But  because  thig  may  not  be  quite 
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correct  for  the  first  timc^  on  account  that  the 
plummet  will  not  settle  immediately^  even  in 
water ;  it  may  be  fartheir  corrected  on  the  fol- 
lowing days,  hy  the  above  method,  with  the 
sun  and  clocks  and  so  brought  to  a  very  great 
exactness. 

JV.  B. — The  rays  transmitted  through  the 
hole  will  cast  but  a  faint  image  of  the  sun, 
even  on  a  white  screen,  unless  the  room  be  so 
darkened  tliat  no  sun-sliine  may  be  allowed  to 
enter  but  what  comes  tlirough  the  small  hole 
in  the  plate.  And  always,  for  some  time  bc- 
foi'e  the  observation  is  made,  tlie  plummet 
ought  to  be  immersed  in  a  jar  of  water,  where 
it  may  hang  freely ;  by  which  means  the  line 
will  soon  become  steady,  which  otherwise 
would  be  apt  to  continue  swinging. 

^s  this  meridian-line  will  not  only  be  suf- 
ficient for  regulating  the  clocks  and  watches  to 
the  true  time  by  equation-tables,  but  also  for 
most  astronomical  purposes,  I  siiall  say  nothing 
of  the  magnificent  and  expensive  meridian-lines 
at  Bologne  and  Rome,  nor  of  the  better  me 
thods  by  which  astronomers  observe  precisely 
the  transits  of  the  heavenly  bodies  on  the  me  '  • 
ridiau.* 


•  For  farther  information  upon  dialing',  the  reader  may  consulr 
Qrontii  Pinei  opera*  Fol.  lib.  iii.  De  horologiis  Sciotliericis  n 
Joxnne  Voello  Turoni  1608.  Ilorolog-iogTaphia  per  S:\bastianiini 
Monsterum  1533.^  Chrisi.Clavii  Ramber^ensis  horolo^iorum  no- 
va descriptjo. — Demunstraiio  ct  conslructio  horolog'i<)rum  novo-" 
rum  auctore  Georpfio  Schombcrg-ero.  Gnomonice  Schoner  qto. 
Wolfii  oper.  Mathemat.  torn.  ii.  7.,  787,  our  author's  Select  Kx 
erciscs,  Leyboum's  Dialing,  Iieadbetter\4  Dialinfr,  and  an  ttxcei- 
lent  treatise  by  the  celebrated  Deparcieux,  published  at  the  end 
cf  his  Traite  de  Trigtmumetrie  rectili^^ne  ft  yMr'/^'*'*— K-  Kn 
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LECTURE  XU. 


Shomivg'  how  to  calculate  the  mean  time  of 
any  nno  or  full  Jlloon^  or  Eclipse^  from  the 
Creation  of  the  World  to  the  year  of  Christ 
5800. 


IN  tlie  following  tables^  the  meau  lunation 
is  about  a  20th  part  of  a  second  of  time  longer 
than  its  measure  as  now  printed  in  the  last 
edition  of  my  astronomy;  which  makes  the 
difference  of  an  hour  and  thirty  minutes  in 
3000  years.  But  this  is  not  material;  wlicn 
only  the  mean  times  are  required. 


'PRECEPTS. 

• 
To  find  the  wean  time  of  any  new  or  full 
Moon  in  any  given  year  and  month  after 
the  Christian  JEra. 

1.  If  the  given  year  be  found  in  the  third 
column  of  the  table  of  the  moon^s  mean  motion 
from  the  snn,  untcr  the  title,  years  before  and 
after  Christ;  write. out  that  year,  with  the 
mean  motions  belonging  to  it,  and  thereto  join 
the  given  month  witti  its  mean  motions.  But^ 
if  the  given  year  be  not  in  the  table,  take  out 
the  next  lesser  oni*  to  it  that  you  find,  in  the 
same  column ;  and  thereto  add  as  many  con^ 
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phte  yearSy  as  will  make  up  the  given  year  : 
then,!  johi  the  month  and  all  the  renpectivc 
mean  motions. 

2.  Collect  these  mean  motions  into  one  sum 
of  signs^  degrees^  minutes^  and  seconds ;  re- 
membering  that  60  seconds  (")  make  a  minute, 
60  minutes  (')  a  degree;  30  degrees  (^)  aslgn^ 
and  12  signs  (**)  a  circle.  When  the  signs  ex- 
ceed 12,  or  24,  or  36  (which  are  whole  circles), 
reject  them,  and  set  down  only  the  remainder ; 
which,  together  with  the  odd  degrees,  minutes, 
and  seconds,  already  set  down,  must  be  reck- 
oned the  whole  sum  of  the  collection. 

3.  Subtract  the  result,  or  sum  of  this  collec- 
tion, from  12  signs ;  and  write  down  the  re- 
mainder. Then  look  in  the  table,  under  days^ 
for  the  next  less  mean  motions  to  this  remain- • 
der,  and  subtract  them  from  it,  writing  down 
their  remainder. 

This  done,  look  in  the  table  under  hours^ 
(marked  H.)  for  the  next  less  mean  motions  to 
this  last  remainder,  and  subtract  them  fi*om  it, 
writing  down  their  remainder. 

Then  look  in  the  taiile  under  minutes,  (mark- 
ed M.)  for  the  next  less  mean  motions  to  thi^ 
remainder,  and  sulitract  them  from  it,  writing 
down  their  remainder. 

Lastly,  look  in  the  table  under  seconds^ 
(marked  S.)  for  the  next  less  mean  motion  to 
this  remainder,  cither  greater  or  less;  and 
against  it  you  have  the  seconds  auswerini;; 
thereto. 

4.  And  these  times  collected,  will  give  Ihe. 
mean  time  of  the  i^equired  npw  moor.  :  which 
wil!  be  rl£;ht  in  tom'non  vears;  and  also  in  Ja- 
nuary  and  Fe!>rtiary  in  leap-years;  hv.\  always 
one  day  too  late  in  leap-years  after  February^ 
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EXAMPLE  I. 

Hcqidrcd  the  time  of  new  moon  in  September, 

1764. 

[A  Year  not  inserted  in  the  Table.] 

MOOX  FEO>r  SUT. 

To  the  year  after  Chrisfs  a    o    /     ./ 

birth  t753  10    9  31 56 

Add  complete  years       11  0  10  14?  30 


(sum  1764) 
And  join  September  3  S3  SI    8 

'The  sum  of  these  mean  motions  is      1  12    0  ^h 
Which^  being  subtracted  from  a 

circle,  or  13    0    0    0 


Leaves  remaining  10  17  ^9  36 

Next  less  mean  motion  for  twenty- 
six  dayS;  subtract  10  16  57  34* 


And  there  remains  i    2    A 

Next  less  mean  motion  for  two 
hours,  subtract  1    0  57 


And  the  remainder  will  be  15 

Next  less  mean  motion  for  two 

minutes,  subtract  1    1 


Remains  the  mean  motion  of  13 
seconds 
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These  times  being  coUe^ted^  would  show 
the  mean  time  of  the  required  new  moon  in 
September  1764^  to  be  on  the  S6th  day,  at  S 
hours,  S  minutes,  IS  seconds  past  noon.  But^ 
as  it  is  in  a  leap-year^  and  after  Febraary,  the 
time  is  one  day  too  late.  So  the  true  mean 
time  is  September  the  S5th,  at  3  minutes,  IS 
seconds  past  II  in  the  afternoon. 

J)r.  B. — The  tables  always  begin  the  day  at 
noon,  and  reckon  thence  forward,  to  the  noon 
of  the  day  following. 


To  find  the  mean  time  of  full  moon  in  any 
given  year  and  month  after  the  Christian 
JSra. 

Having  collected  the  moon's  mean  motion 
from  the  sun  for  the  beginning  of  the  given 
year  and  month,  and  subtracted  their  sum  from 
twelve  signs,  (as  in  the  former  example)  add 
six  signs  to  the  remainder,  and  then  proceed 
in  all  respects  as  above. 
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EXAMPLE  li. 


Required  the  mean  time  of  full  moon  in  Sep- 
tember, 1764. 


MOOTT  FROM  SVH 


To  the  year  after  Christ's  s 

birth  1753  lO    gS4  56 

Add  complete  years       11  0  10  14t  SO 

(sum  1764) 
And  join  September  S  23  31    8 

The  sum  of  these  mean  motions  is     113    0  9ii 
Which^  being  subtracted  from  a 

circle,  or  13    0    0    0 


Leaves  remaining  10  17  ^9  36 

To  which  remainder  add  6    0    0    0 


And  the  sum  will  be  4  17  59  36 

Next  less  mean  motioA  for  eleven 

days,  subtract  4  14    5  dl 


And  there  remains  3  53  43 

Next  less  mean  motion  for  seven 

hours,  subtract  3  33  30 


And  the  remainder  will  be  30  3S 

Next  less  mean  motion  for  forty 
minutes,  subtract  30  19 


Remains  tlie  mean  motion  for  eight 
seconds  3 
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So^  the  mean  time,  according  to  the  tables, 
is  the  11th  of  September,  at  7  hours  40  min- 
utes 8  seconds  past  noon.  One  day  too  late^ 
being  after  February  in  a  leap-year. 

And  thus  may  the  mean  time  of  any  new  or 
full  moon  be  found^  in  any  year  after  the  Chris- 
tian sera. 


To  find  the  mean  time  of  new  or  full  moon  in 
any  given  year  and  month  before  the  Chris^ 
tian  JEra. 

If  the  given  year  before  the  year  of  Christ  1 
be  found  in  the  tliird  column  of  the  table,  un- 
der  the  title  of  years  before  and  after  Christy 
write  it  out,  together  with  the  given  month,  and 
join  the  mean  motions.  But,  if  the  given  year 
be  not  in  the  table,  take  out  the  next  greater 
one  to  it  that  you  find ;  which  being  still  far- 
ther back  than  the  given  year,  add  as  many 
complete  years  to  it  as  will  bring  the  time  for^ 
ward  to  the  given  year ;  then  join  the  month, 
and  proceed  in  all  respects  as  above. 


EXAMPLE  III. 

Required  the  mean  time  of  a  new  moon  in 
May,  the  year  before  Chinst  585. 

The  next  greater  year  in  the  table  is  600 ; 
which  being  15  years  before  the  given  year, 
add  the  mean  motions  for  Id  years  to  those  of 
600,  together  w  ith  those  for  the  beginning  of 
May. 


i 
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MOON  FROM  SUIT. 
8         O  '  " 


To  the  year  before  Christ  600        5  11  6  16 

Add  complete  yeai-'s  motion  15        6     0  55  24 

And  tUe  mean  motion  for  May        0  22  53  23 

The  whole  sum  is                             0     4  55     3 
Which  being  subtracted  from  a 

circle,  or                                     12    0  0    0 

Leaves  remaining                          11  25  4  57 
Next  less  mean  motion  for  twenty- 
nine  dayS;  subtract                     11  23  31  54 

And  there  remains                                 1  33     S 
Next  less  mean  motion  for  three 

hours,  subtract                                   1  31  26 


And  the  remainder  will  be  1  37 

Next  less  mean  motion  for  three 

minutes,  subtract  1  31 


Remains  the  mean  motion  of  four- 
teen seconds  6 

So  the  mean  time,  by  the  tables,  was  the  29th 
of  May,  at  3  liours  3  minutes  14  seconds  past 
lioon :  a  day  later  than  the  truth,  on  account  of 
its  being  in  a  leap-year.  For,  as  the  year  of 
Christ  1  was  the  first  after  a  leap-year,  the  year 
585  before  the  year  1  was  a  leap-year  of  coui*se. 

If  the  given  year  be  after  the  Christian  »ra, 
divide  its  date  by  4,  and  if  nothing  remain,  it 
is  a  leap-year  in  the  old  style.  But  if  the  giv- 
en year  was  before  the  Christian  sera,  (or  year 
of  Christ  1)  subtract  one  from  its  date,  and  di- 
vide the  remainder  by  4 ;  then,  if  nothing  re- 
m^vin,  it  was  a  leap-year ;  otherwise  not. 
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To  find  whether  the  sun  is  eclipsed  at  the  time 
of  any  given  change,  or  the  moon  at  any 
given  full. 

From  the  table  of  the  sun-s  mean  motion,  ofccWp. 
(or  distance)  from  the  moon^s  ascending  node,^^- 
collect  the  mean  motions  answering  to  the  giv- 
en time  ;  and  if  the  result  show  the  sun  to  be 
within  18  degrees  of  either  of  the  nodes  at  the 
time  of  new  moon^  the  sun  will  be  eclipsed  at 
that  time.  Or,  if  the  result  show  the  sun  to  be 
within  13  degrees  of  either  of  the  nodes  at  the 
time  of  full  moon^  the  moon  will  be  eclipsed 
at  that  time,  in  or  near  the  contrary  node^^ 
otherwise  not. 

EXAMPLE  IV. 

TTie  moon  changed  on  the  26th  of  September, 
1/64,  at  2  h.  2  m,  (^neglecting  the  seconds) 
afternoon.  (See  Example  I.)  Qu.  Wlie- 
ther  the  sun  was  eclipsed  at  that  time  ^ 


To  the  year  after  Christ's 

birth  1753 

Add  complete  years       1 1 


(sum)  1764 
rSeptember 

k^AJ         *6  days 
^^*1  2  hoirs 

[^  S  minutes 

Sun's  distance  from  the  ascendin 
node 


CF 


SC5  FROM  NODE, 
g         0           /         /' 

1 

28 

0  19 

7 

3 

3  dC 

8 

13 

S3  49 

27 

0  13 
5  13 

5 

6 

g  33  31 

7S  Calculation  of  Eclipses^ 

Now^  as  the  descending  node  is  just  oppo- 
site to  the  ascending;  (viz.  six  signs  distant 
from  it)  and  the  tables  show  only  bow  far  the 
sun  has  gone  from  the  ascending  node^  whlch^ 
by  this  example^  appears  to  be  6  signs  9  de- 
grees 32  minutes  34  seconds^  it  is  plain  that  he 
must  have  then  been  eclipsed ;  as  he  was  then 
only  g^  32'  34<"  short  of  the  descending  node. 


EXAMPLE  V* 

The  moon  was  full  on  the  iith  of  September, 
1764,  at  7  h.  40  m.  past  noon.  (See  Exam- 
ple n.)  Qu.  Whether  she  was  eclipsed  at 
that  time  ? 


SUIT  fhom  kode. 
8      o       /      '/ 

1  28    0  19 


T,o  the  year  after  Christ's 

birth                       17^3  i  so    u  i\§ 

Add  complete  years      11  7    2    3  56 

(sum  1764) 

.    fSeptember  8  12  22  49 

.    ,  J          11  days  11  25  29 

-^^^           7  hours  18  11 

40  minutes  1  44 


Sun's  distance  from  the  ascending 
node  5  24  12  28 

Which  being  subtracted  from  6  signs,  leaves 
only  5^  47'  32''  remaining ;  and  this  being  all 
the  space  that  the  sun  was  short  of  the  de- 
scending node,  it  is  plain  that  the  moon  must 
then  have  been  eclipsed,  because  she  was  just 
as  near  the  contrary  node. 
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EXAMPLE   VI. 


Q.   Whether  the  sun   was  eclipsed  in  May^ 
the  year  before  Christ  385  ?    (See  Example 

in.) 


To  the  year  before  Christ  600 
Add  the  mean  motion  of  fifteen 
eomplete  years 

fMay 

8  minutes  (neglecting 
the  seconds) 


SUN  FROM  NODK. 
s       O         '        '/ 

9 

9  33  51 

9  19  S7  49 

4    4  37  57 
1    0    7  10 

7  48 

8 

0 

3  44  43 

Sun's  distance  from  the  ascend- 
ing node 

Which^  being  less  than  IS  degrees^  shows 
that  the  sun  was  eclipsed  at  that  time. 

This  eclipse  was  foretold  by  Thalcs,  and  is  Thaies'ji 
thought  to  be  the  eclipse  which  put  an  end  to^^^'P*^' 
the  war  between  the  Medes  and  Lydians. 

The  times  of  the  sun-s  conjunction  with  #AcWhen 
nodeSf  and  consequently  the  eclipse-months  oV^^^^^ 
any  given  year,  are  easily  found  by  the  tables  happen. 
of  the  sun^a  mean  motion  from  the  mounts  as- 
cending node  }  and  much  in  the  same  way  as 
the  mean  conjunctions  of  the  sun  and  moon  are 
found  by  the  table  of  the  moon's  mean  motion 
from  the  sun.     For,  collect  the  sun's  mean 
motion  from  the  node,  (which  is  the  same  as 
his  distance  gone  from  it)  for  th^  beginning  of 
any  given  year,  ann  subtract  it  from  13  signs ; 
then^  from  the  remainder,   subtract  the  lees 


80  To  find  when  there  must  be  Eclipses* 

mean  motions  belonging  to  whatever  month  you 
find  them  in  the  table ;  and  from  their  remain- 
der subtract  the  next  less  mean  motion  for 
days,  and  so  on  for  hours  and  minutes;  the 
result  of  all  which^  will  show  the  time  of  the 
sun's  mean  conjunction  with  the  ascendin^s; 
node  of  the  moon's  orbit. 


EXAMPLE  VI T. 


Required  the  time  of  the  siui^s  conjunction 
with  the  ascending  node  in  the  year  1764. 


SUIT  FROM  droits. 
O  t         II 


To  the  year  after  Christ's 

birth  1753         1  28     0  19 

Add  complete  years  11         7    ^    3  56 

Mean  distance  at  begin- 
ning of  A-  D.  176*        9    0    4  15 

Subtract  this  distance  from  a 
circle,  or  IS    0    0     0 

And  there  remains 
Next  less  mean  motion  for  March, 
subtract 

And  the  remainder  will  be 
Next  less  mean   motion  for  S7 
days,  subtract 

And  there  remains 
Next  less  mean  motion   for  11* 
hours,  subtracted 

Remains,  nearly,  the  mean  motion 
of  5  minutes  13 


2 

£9  55   45 

3 

1  16  39 

S8  39  6 

S8  %  32 

36  31« 

36  SI 

Tie  period  and  return  of  Eclipses^  81 

Hence^  it  appears,  that  the  sun  will  pass  by 
the  moon's  ascending  node  on  the  S7th  of  March 
at  14  hours  5  minutes  past  noon,  viz.  on  the 
88th  day,  at  5  minutes  past  II  jin  the  morning;^  . 
according  to  the  tables ;  but  this  being  in  a 
leap.year,  and  after  February,  the  time  is  one 
day  too  late.  Consequently,  the  true  time  is  at 
6  minutes  past  II  in  the  morning  on  the  S7th 
day ;  at  which  time  the  descending  node  will 
be  directly  opposite  to  the  sun« 

If  six  signs  be  added  to  the  remainder  aris- 
ing from  the  first  subtraction,  (viz.  from  twelve 
signs)  and  then  the  work  carried  on  as  in  the 
last  example,  the  result  will  give  the  mean 
time  of  the  8un*s  conjunction  with  the  descend- 
ing node.     Thus^  in 
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8S  The  period  and  return  of  Eclipses. 


EXAMPLE  VIII. 


To  find  when  the  sun  will  be  in  conjunction 
with  the  descending  node  in  the  year  17&lf» 


SUX  FROM  NODV. 


To  the  year  after  Christ's  * 

birth                                 1793  1  38    0  ig 

Add  complete  years               11  7    3    3  56 

f^ 

Mean  distance  from  as- 
cending node  at  begin- 
ning of                           1764  9    0    4  15 

Subtract  this  distance  from  a  cir- 
cle, or  IS    0    0     0 


And  the  remainder  will  be  S  S9  95  45 

To  which  add  half  a  circle,  or       6    0    0    0 


And  the  sum  will  be  8  30  55  45 

Next  less  mean  motion  for  Sep- 
tember subtracted  8  IS  S3  49  • 


And  there  remains  17  3S  56 

Next  less  mean  motion  for  16  days 

subtracted  16  37  4 


And  the  remainder  will  be  55  5S 

Next  less  mean  motion  for  SI 

hours,  subtracted  54  33 


Remains,  nearly,  the  mean  mo- 
tion of  31  minutes  1  SO 


The  period  and  return  of  Eclipses.  83 

So  that^  according  to  the  tables^  the  sun  will 
be  in  conjunction  with  the  descending  node  on 
the  l6th  of  September,  at  SI  hours  31  minutes 
past  noon :  one  day  later  than  the  truths  on  ac- 
count of  the  leap*year. 

When  the  moon  changes  within  .18  days  be- '''**' *j|"'*^ 
fore  or  after  the  suu's  conjunction  with  either ses. 
of  the  Qodes,  the  sun  will  be  eclipsed  at  that 
change :  and  when  the  moon  is  full  within  12 
days  before  or  after  the  time  of  the  sun's  con- 
junction with  either  of  the  nodes,  she  wi]l  be 
eclipsed  at  the  full :  otherwise  not. 

If  to  the  mean  time  of  any  eclipse,  either  of  T**®'*''  ^' 
the  sun  or  moon,  we  add  557  Julian  years  21  "^laa- 
days  18  hours  11  minutes  and  51  seconds,  (intion. 
which  there  are  exactly  6890  mean  lunations) 
we  shall  have  the  mean  time  of  another  eclipse.* 
For^  at  the  end  of  that  time,  the  moon  will  be 
either  new  or  full,  according  as  we  add  it  to 
the  time  of  ^ew  or  full  moon ;  and  the  sun  will 
be  only  45''  farther  from  the  same  node;  at  the 

*  Dr.  Hillbt'r  period  of  eclipses  contains  only  18  years  11 
da?B  7  hours  43  minutes  20  seconds;  in  which  time>  according 
to  his  tablets  there  are  just  223  mean  lunations :  but,  as  in  that 
time,  the  sun's  mean  motion  from  the  node  is  no  more  than  lis 
!^  3 V  49'',  which  wants  28'  1 1"  of  beinj;  as  nearly  in  conjunction 
vith  the  same  node  at  the  end  of  the  period  as  it  was  at  the  be- 
ginning, this  period  cannot  be  of  constant  duration  for  finding 
eclipses,  because  it  will  in  time  fall  quite  without  their  limits. 
The  following  tables  make  this  period  31  seconds  shorter,  as 
appears  by  the  following  calculation. 

l*he  period.  Moon  from  Sun.      Sun  from  node. 

Complete  years 18^7  11  59    4—11  17  46  18 

days 11--4  14    5  54—      11  25  29 

hours  ....    7—      3  33  20—  18  11 

minutes  .  .  .  42—  21  20—  1  49 

seconds  .  .  .  44~-  22—  2 


Mean  motions —0    0    o    0—11  29  31  49 


S4  The  period  and  return  of  Eclipses. 

end  of  the  said  time,  tlian  he  Mas  at  the  be- 
ginning of  it ;  as  appears  by  the  following  ex- 
ample. 


THE  PERIOD. 

KOOK  FBOM  tvy. 
S        O          '        " 

sr:?  FROM  iroDB. 
s       0       »      '/ 

Complete  i 

ffOO— 3     3  83  47- 

-10  14  45     8 

40—8  26  50  37- 

-  1  23  58  49 

J  ears.    / 

17—3     2  21  39- 

-10  28  40  Iff 

days 

21—8  16   0  al- 

-      21  48  38 

hours 

ls^      9    8  35- 

46  44 

minutes 

11_             5  35- 

89 

seconds 

Sl—                 26- 

a 

Mean  motions    — 0    0    0    0- 

-  0    0    0  4ff 

And  this  period  is  so  very  near^  that  in  6000 
years  it  will  vary  no  more  from  the  truth  as  to 
the  restitution  of  eclipses,  than  8^  minutes  of  a 
degree ;  which  may  be  reckoned  q^xt  to  noth- 
ing. It  is  the  shortest  in  which^  after  many 
trials^  I  can  find  so  near  a  conjunction  of  the 
fiun^  moon^  and  the  same  node. 
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A  Table  of  Mean  Lunation$. 

This  Table  is  made  by  the  continued  addi- 
tion of  a  mean  lunation^  viz.  29^  13^  44"^  3' 


liUn.  I 


Davs.  H.  M.  S.  Th 


1 
2 
3 

5 

6 

7 

8 

9 

10 

20 

30 

40 

50 

100 

200 

300 

400 

500 

1000 

2000 

3000 


n 

o 

9 

5' 


29 

59 

88 

118 

147 

177 

206 

236 

265 

295 

590 

885 

1181 

1476 

2953 

'5906 

8859 

11812 

14756 

29530 

59661 

88591 


12  44 

1  28 

14  12 

2  56 

15  40 
4  24 


17 

5 


8 
52 


4000  118122 
5000  147652 
lOOOO  295305 
20000  590611 
30000  885917 
40000  1181223 
50000  1476529 
10000012953059 


18  36 

7  20 
14  41 
22  1 

5  22 
12  42 

1  25 

2  50 

4  15 

5  40 
V     5 

14  11 

4  23 

18  35 

8  47 
22  58 


3  6 
6  13 
9  19 
12  25 
15  32 
18  38 
21  44 
24  51 
27  57 


In  100000  mean  luna- 
tions there  are  8085  Julian 
years  13  days  21  hours 
36  minutes  30  seconds  sm 
2953059  days  3  hours  36 
minutes -30  seconds. 


31 
2 

33 


7 

11 


35  18 
10  35 
21  11 
31  46 
42  22 
52  57 
45  54 
31  48 
17  42 
3  36 
49  30 


PROOF  OF  THE  TABLE. 


In 
'n  4000 
.r  L  4000 

J   ^ 

Days  12 

4  14|  Hours  21 

Min.  36 

Sec.  20 


31 


Moon  from  Sun. 

1  14  22  12 

1  14  22  13 

5  23  41  15 

10    0  18  28 

4  26  ir  20 

10  40     1 

18  17 

15 


M.  from  S. 


0    0    0    0 


21 

57 

39 

19 

55 

18 

17 

52 

57 

15 

50 

36 

13 

48 

15 

3 

36 

39 

Havingf  by  the  former 
precepts  computed  the 
mean  time  of  new  moon 
in  Januaiy,  for  any  given 
year,  it  is  easy,  by  this 
table,  to  find  the  mean 
time  of  new  moon  in  Ja- 
nuary for  any  number  of 
^ years  afterwards:  and  by 
^  means  of  a  small  table  of 
0  lunations  for  12  or  13 
0  months,  to  make  a  geno* 
Qral  table  for  finding  the 
mean  time  of  new  or  full 
O  moon  in  any  given  year 
Oand  month  whatever. 


D.   H.  M.  S.  Tl^. 
In  11  lunations  there  are  324  20    4  34  10 

In  12  lunations  354    8  48  37  16 

In  13  lunations  383  21  32  40  23 

But  then  it  would  be  best  to  bep^in  with  March,  to  avoid  the  in- 
convenience of  losing  a  d^y  by  mistake  in  leap-year. 
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A  Table  of  the  Moon^s  mean  motion  from  the 

Sun. 


11 

V 

Years  be- 

Moon 

1  s 

Moon 

u-2 

fore  and 

from  Sun.     1    'S.S 

from  Sun. 

2S. 

after 

H      a  ei 
U      B   V 

Christ. 

•    o 

1      0>4 

s 

o 

t     t* 

>««=; 

>- 

. 

n 

706 

0 

4008 

5-28 

1  iri      11 

0 

10 

14  20 

714 

8 

40f)0 

5     9 

33  241        12 

5 

2 

3    11 

1714 

1008 

-  3000 

11   20 

28  57J        13 

9 

11 

40  35 

2714 

2008 

;S  2000 

6      1 

34  60H        14 

1 

21 

18     0 

3714 

3008 

J   1000 

0   12 

40     3 

15 

6 

0 

55   24 

3814 

3108 

O     900 

10   19 

46  36 

16 

10 

22 

44   15 

3914 

3208 

*S     800 

8  26 

53     9 

17 

3 

9 

21   39 

4014 

3308 

S     700 

7     3 

59  43 

18 

7 

11 

59     4 

4114 

3408 

.«     600 

5   11 

6   16 

19 

11 

21 

36  27 

4214 

3508 

c     500 
-S     400 

8    18 

12  49 

20 

4 

13 

35    19 

4314 

3608 

I   25 

19  23 

40 

8 

26 

50  37 

4414 

3708 

o     300 

0     2 

25   66 

60 

1 

10 

15   56 

4514 

3808 

J     200 

10     9 

32  29 

80 

5 

23 

41    15 

4614 

3iy08 

ffl     100 

1           > 
>     lOi 

8    16 

39     3 

100 

10 

7 

6  33 

47U 

4008 

6  23 

45   36 

200 

8 

14 

13    r 

4814 

4108 

5     0 

52     9 

•  300 

6 

21 

19  40 

4974 

4208 

g*    201 

3     7 

58  43 

400 

4 

28 

■26   13 

5014 

4308 

'^     301 

1    15 

5    16 

500 

3 

5 

32  47 

5114 

4408 

G    401 

11   23 

11    49 

1000 

6 

11 

5   33 

5214 

4508 

3.    501 

9  29 

18  23 

2000 

0 

22 

11      6 

5714 

5008 

r  1001 

1      4 

51      9 

3000 

7 

3 

16  39 

6414 

5708 
5760 

iroi 

1753 

0  24 
10     9 

37     2 
24  56 

400L) 

I 

14 

22   12 

6466 

Months 

Mo 

oti  trom  sun 

6514 

5808 

1801 

6     5 

26    15 

R 

o 

'     // 

Complete 

Moon  front  Min 

Jan. 

0 

0 

0     0 

3  fa  s  f 

V   ec   5   C' 

years. 

R      *> 

r       •' 

Feb. 
Mar. 

0 

11 

17 
29 

54  48 

4     9 

S7  24 

15    16 

2  •"        r 

*.9      3 

8    19 
0  28 

14     8 
5?    13 

April 
;  May 

0 
0 

17 
22 

10     3 

53  23 

"^  oT     ^ 

5  20 

41      4 

{June 

1 

10 

48   11 

^ir     5 

10     0 

18  28 

'July 

1 

16 

31   33 

53      ®  2 

'^  in           ^ 

2     9 

55   52 

'  Aug. 

2 

4 

26  20 

6    19 

33    17 

.  Sept. 

2 

22 

21     8 

irii 

23     7 

Oct. 

2 

28 

4  29 

^  ^  «  V  :" 

iss^  9 

3  20 

59   32 

i  Nov. 

3 

15 

59    17 

S.2"  R« 

■•"    M      ^ 

^          10 

8     0 

36  55 

1  Dec. 

3 

21 

42  27 

This  tu..*i  -greea 

with  the  oldatyle  until  the  yv*9 

1 

17^ 

Si3i  and 

after  tl 

lat  with 

the 

n€y> 

* 
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ki  Table  of  the  Moon^s  mean  motion  from  the 

Sun* 


Moon  from  Sun. 
B     o     /      ff 

'Moon  frdm  Sun.  | 

Moon  frotn  Sun, 

U. 

o 

/   // 

H. 

/ 

ft     itt 

• 

■  S. 
.  1 

//  /// 
/ft   //// 

S. 
TH. 

HI  nit 

1 

S 

0 
0 
1 

12 

24 

6 

11 

22 

34 

27 
53 
20 

nit    Y 

3 

0 

30  29 

31 

15 

44  47 

4 

1 

18 

45 

47 

2 

1 

0  57 

32 

16 

15  16 

5 

2 

0 

57 

13 

3 

1 

31  26 

33 

16 

45  44 

6 

2 

13 

8 

40 

4 

2 

1  $4 

34 

17 

16  13 

7 

2 

25 

20 

7 

5 

2 

32  23 

35 

17 

46  42 

8 

3 

7 

31 

34 

6 

3 

2  52 

36 

18 

17  10 

9 

3 

19 

43 

0 

7 

3 

33  20 

37 

18 

47  39 

10 

4 

1 

54 

27 

8 

4 

3  49 

38 

19 

18  7 

11 

4 

14 

5 

54 

9 

4 

34  18 

39 

19 

48  35 

12 

4 

26 

17 

20 

10 

5 

4  46 

40 

20 

19  5 

13 

5 

8 

28 

47 

11 

5 

35  15 

41 

20 

49  33 

14 

5 

20 

40 

14 

12 

6 

5  43 

42 

21 

20  2 

15 

6 

2 

51 

40 

13 

6 

36  12 

43 

21 

50  31 

16 

6 

15 

3 

7 

14 

7 

6  41 

44 

22 

20  59^ 

17 

6 

27 

14 

34 

15 

7 

37  9 

45 

22 

51  28^ 

18 

7 

9 

26 

0 

16 

8 

7  38 

46 

23 

21  56 

19 

7 

21 

37 

27 

17 

8 

38  6 

47 

23 

52  25 

20 

8 

3 

48 

54 

18 

9 

8  35 

48 

24 

22  54 

21 

8 

16 

0 

21 

19 

9 

39  4 

49 

24 

53  22 

22 

8 

28 

11 

47 

20 

10 

9  32 

50 

35 

23  51 

23 

9 

10 

23 

14 

21 

10 

40   1 

51 

25 

54  19 

24 

9 

22 

34 

41 

22 

11 

10  30 

52 

26 

24  48 

25 

10 

4 

46 

7 

23 

11 

40  58  1  53 

26 

55  ir 

26 

10 

16 

57 

34 

24 

12 

11  27  1  54 

27 

25  45 

27 

10 

29 

9 

1 

25 

12 

41  55  B  55 

27 

56  14 

28 

11 

11 

20 

27 

26 

13 

12  24 

56 

28 

26  43 

29 

11 

23 

31 

54 

27 

13 

42  53 

57 

^8 

67  11 

30 

0 

5 

43 

21 

28 

14 

13  21 

58 

29 

27  40 

31 

0 

17 

54 

47 

29 

14 

43  50  1  59 
14  18  n  60 

29 

58   8 

32 

1 

0 

6 

15. 

30 

15 

30 

28  37 

1  Lunation=29a  I2h  44ni  3s  6^1*  21iv  14v  C4vi  Ovii. 

Ill  leap-yearSf  after  February,  a  day  and  its  muiio.i  must 
be  uddcd  to  the  time  for  which  the  moon's  mean  distance 
from  the  sun  is  given  But  when  the  me:»n  time  of  uny  new 
or  full  moon  is  required  in  Ic'ip-year  after  February,  a  day 
must  be  subtracted  from  the  me;ai  time  thereof,  as  found  by 
the  tables.    In  common  years  they  give  the  day  right* 
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A  Ta!b\»  of  the  Sun's  mean  motion  front  ike 

Moon's  ascending  node. 
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In  leap-years,  after  February,  add  one'day  and  one  day's 
motion  to  the  X\me  at  which  the  8un*s  mean  diitance  from 
the  ascending  node  is  required. 
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The  description  of  a  new  and  safe  Crane^ 
which  has  four  different  powers,  adapted  to 
different  weights.* 

THE  common  crane  consists  only  of  a 
large  wheel  and  axle;  and  the  rope^  by  which 
goods  are  drawn  up  from  ships^  or  let  down  to 
them  from  the  quay,  winds  or  coils  round  the 
axle^  as  the  axle  is  turned  by  men  walking  in 
the  wheel.  But,  as  these  engines  have  nothing 
to  stop  the  weight  from  running  down^  if  any 
of  the  men  happen  to  trip  or  fall  in  the  wheels 
the  weight  descends^  and  turning  the  wheel 

• 

*  Our  author  received  a  rei;rard  of  fifty  pounds  for  the  inden- 
tion of  this  crane,  from  the  Society  for  the  encoHragement  of 
Arts ;  and  a  description  of  it  was  honoured  with  a  place  among 
the  Transactioni  or  the  Royal  Society  of  London^  sec  vol.  xlv,  p. 
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rapidly  backward,  tosses  the  men  violently 
about  within  it ;  which  has  produced  melan- 
choly instances,  not  pnly  of  limbs  broken,  but 
even  of  lives  lost,  by  this  ill-judged  construc- 
tion of  cranes.  And  besides,  they  have  but 
one  power  for  all  sorts  of  weights;  so  that 
they  generally  spend  as  much  time  in  raising 
a  small  weight  as  in  raising  a  great  one. 

These  imperfections  and  dangers  induced 
me  to  think  of  a  method  for  remedying  them^ 
And  for  that  purpose,  I  contrived  a  crane  with 
a  proper  stop  to  prevent  the  danger,  and  with 
diflferent  powers  suited  to  diflferent  weights; 
so  t4iat  there  might  be  as  little  loss  of  time  as 
possible :  and  also,  that  when  heavy  goods 
are  let  down  into  ships,  the  descent  may  be 
regular  and  deliberate. 

This  crane  has  four  different  powers :  and^ 
I  believe,  might  be  built  in  a  room  eight  feet 
in  width :  the  gib  being  on  the  outside  of  the 
room. 

Three  trundles,  with  different  numbers  of 
staves,  are  applied  to  the  cogs  of  a  horizontal 
wheel  with  an  upright  axle ;  and  the  rope  that 
draws  up  the  weight  coils  round  the  axle. — 
The  wheel  has  96  cogs,  the  largest  trundle  ^ 
staves,  the  next  largest  has  IS,  and  the  small- 
est has  6.  So  that  the  largest  trundle  makes 
4i  revolutions  for  1  revolution  of  the  wheel : 
the  next  makes  8,  and  the  smallest  makes  16. 
A  winch  is  occasionally  put  upon  the  axia  of 
either  of  these  trundles,  for  turning  it;  that 
trundle  being  then  used  which  gives  a  power 
best  suited  to  the  weight :  and  the  handle  of 
the  winch  describes  a  circle  in  every  revolu- 
tion equal  to  twice  the  circumference  of  the 


JHecianics4  Hd 

hXle  of  the  wheel.  So  that  the  length  of  the 
winch  doubles  the  power  gained  by  each  trun- 
dle. 

As  the  power  gained  by  any  machine  or 
engine  whatever,  is  in  direct  proportion  as  tiic 
velocity  of  the  power  is  to  the  velocity  of  tlie 
weight;  the  powers  of  this  crane  are  easily 
estimated^  and  are  as  follows : 

If  the  winch  be  put  upon  the  axle  of  the 
largest  trundle,  and  turned  four  times  rounds 
the  wheel  and  axle  will  be  turned  once  round : 
and  the  circle  described  by  ^  the  power  that 
turns  the  winch,  being,  in  each  revolution^ 
double  the  circumference  of  the  axle,  when  the 
thickness  of  the  rope  is  adc^ed  thereto;  the 
power  goes*  through  eight  times  as  much  space 
as  the  weight  rises  through :  and,  therefore^ 
(making  some  allowance  for  friction)  a  man 
will  raise  eight  times  as  much  weight  by  this 
crane  as  he  would  by  his  natural  strength 
without  it :  the  power,  in  this  case,  being  as 
eight  to  one. 

If  the  winch  be  put  upon  the  axis  of  the 
next  trundle,  the  power  will  be  as  16  to  1^ 
because  it  moves  16  times  as  fast  as  the  weight 
moves. 

If  the  winch  be  put  upon  the  axis  of  the 
smallest  trundle,  and  turned  rounds  the  power 
will  be  a9  32  to  1. 

But  if  the  weight  should  be  too  great,  even 
for  this  power  to  raise,  the  power  may  be 
doubled  by  drawing  up  the  weight  by  one  of 
the  parts  of  a  double  rope,  going  under  a  pul- 
ley in  the  moveable  block,  which  is  hooked  to 
the  weight  below  the  arm  of  the  gib ;  and  then 
the  power  will  be  as  64!  to  1.    That  is^  a  man 
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eottld  then  raise  64  times  as  much  weight  by 
the  crane  as  he  could  raise  by  his  natural 
strength  without  it;  because^  for  every  inch 
that  the  weight  rises,  the  working  power  will 
move  through  64  inches. 

By  hanging  a  block  with  two  pulleys  to  the 
arm  of  the  gib,  and  having  two  pulleys  in  the 
T  moveable  block  that  rises  with  the  weight,  the 
rope  being  doubled  over  and  under  the  pul- 
lies,  the  power  of  the  crane  will  be  as  1S8  to 
one.  And  thus,  l^y  increasing  the  number  of 
puliies,  the  power  may  be  increased  as  much 
as  you  please  :  always  remembering,  that  the 
larger  the  puliies  are  the  less  is  their  friction. 

While  the  weight  is  drawing  up,  the  ratch- 
teeth  of  a  wheel  slip  round  below  a  catch  or 
click  that  falls  successively  into  them,  and  so 
hinders  the  crane  from  turning  backward,  and 
detains  the  weight  in  any  part  of  its  ascent,  if 
the  man  who  works  at  the  winch  should  acci- 
dentally happen  to  quit  his  hold,  or  choose  to 
rest  himself  before  the  weight  be  quite  drawn 
up. 

In  order  to  let  down  the  weight,  a  man  pulls 
down  one  end  of  a  lever  of  the  second  kind^ 
which  lifts  the  catch  of  the  ratchet-wheel,  and 
gives  the  weight  liberty  to  descend.  But,  if 
the  descent  be  too  quick,  he  pulls  the  lever  a 
little  farther  down,  so  as  to  make  it  rub  against 
the  outer  edge  of  a  round  wheel,  by  which 
means  he  lets  down  the  weights  as  slowly  as 
he  pleases  :  and,  by  pulling  a  little  harder,  he 
may  stop  the  weight,  if  needful,  in  any  part  of 
its  descent.  If  he  accidentally  quits  hold  of 
the  lever,  the  catch  immediately  falls,  and 
stops  both  the  weight  and  the  whole  machine. 
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This  crane  is  represented  in  Plate  XXIV, 
where  A  is  the  great  wheel,  and  B  its  axle  on 
wliich  the  rope  C  winds.  This  rope  goes  over 
a  pulley  JD  in  the  end  of  the  arm  of  the  gib  E^ 
and  draws  up  the  weight  JP,  as  the  winch  G  is 
turned  round.  H  is  the  largest  trundle,  /the 
next,  and  IC  is  the  axis  of  the  smallest  trundle, 
which  is  supposed  to  be  hid  from  view  by  the 
upright  supporter  L.  A  trundle  M  is  turned 
by  the  great  wheel,  and  on  the  axis  of  this . 
trundle  is  fixed  the  ratchet-wheel  cTV^,  into  the 
teeth  of  which  the  cateh  O  falls.  P  is  the  le- 
ver, from  which  goes  a  rope  Q^,  over  a  pulley 
JZ,  to  the  catch ;  one  end  of  tlic  rope  being  fix- 
ed to  tiie  lever,  and  the  other  end  to  the  catch. 
8  is  an  elastic  bar  of  wood,  one  end  of  which 
is  screwed  to  the  floor ;  and,  fi*om  the  other 
end,  goes  a  rope^  (out  of  sigiit  in  the  figure)  to 
the  farther  end  of  the  lever,  beyond  the  pin  or 
axis  on  which  it  turns  in  the  upright  supporter 
T.  The  use  of  this  bar  is  to  keep  up  the  le- 
ver from  rubbing  against  the  edge  of  the  wheel 
Uj  and  to  let  the  catch  keep  in  the  teeth  of  the 
ratchet-wheel :  but  a  weight  hung  to  the  far- 
ther end  of  the  lever  would  do  full  as  well  as 
the  elastic  bar  and  rope. 

When  the  lever  is  pulled  down,  it  lifts  the 
catch  out  of  the  ratchet-wheel,  by  means  of  the 
rope  QQ,  and  gives  the  weight  i^' liberty  to  de- 
scend: but  if  Uie  lever  P  be  pulled  a  little 
farther  down  than  what  is  sufficient  to  lift  the 
catch  O  out  of  the  ralchet-wheel  JV*,  it  will  rub 
against  the  edge  of  the  wheel  t/,  and  thereby 
hinder  tlie  too  quick  descent  of  the  weight;  and 
will  quite  stop  the  weight  if  pulled  hard.  And 
if  the  man  who  pulls  the  lever,  should  liappen 
inadvertently  to  let  it  go,  the  elastic  bar  will 
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suddenly  pull  it  tip,  and  the  catch  will  fall 
down  and  stop  the  machine. 

WW  are  two  upright  rollers  above  the  axis 
or  upper  gudgeon  of  the  gib  E:  their  use  is  to 
let  the  rope  C  bend  upon  them,  as  the  gib  is 
turned  to  either  side^  in  order  to  bring  the 
weight  over  the  place  wliere  it  is  intended  to 
be  let  down. 

•VI  JB.— The  rollers  ought  to  be  so  placed^ 
that,  if  the  rope  C  be  stretched  close  by  their 
utmost  sides,  the  half  thickness  of  the  rope  may 
be  perpendicularly  over  the  centre  of  the  upper 
gudgeon  of  the  gib.  For  then,  and  in  no  other 
position  of  tiie  rollers,  the  length  of  the  rope 
between  the  pulley  in  the  gib  and  the  axle  of 
the  great  wheel  will  be  always  the  same,  in  all 
positions  of  the  gib :  and  the  gib  will  remain 
in  any  position  to  which  it  is  turned. 

When  either  of  the  trundles  is  not  turned  by 
the  winch  in  working  the  crane,  it  may  be 
drawn  o£f  from  the  wheel,  after  the  pih  near 
the  axis  of  the  trundle  is  drawn  out,  and  the 
thick.piece  of  wood  is  raised  a  little  behind  the 
outward  supporter  of  the  axis  of  the  trundle. 
But  tliis  is  not  material ;  for,  as  the  trundle 
has  no  friction  on  its  axis  but  what  is  occa- 
sioned by  its  weight,  it  will  be  turned  by  the 
wheel  without  any  sensible  resistance  in  work- 
ing the  crane. 

A  jpijrometery  that  makes  the  expansion  of  me^ 
tals  by  heat  visible  to  the  five-and-forty  thou* 
sandth  part  of  an  inch* 

The  upper  surface  of  this  machine  is  repre* 
sented  by  Fig,  1.  of  Plate  XXV.  Its  frame 
•iBCJ)  is  made  of  mahogany  wood^  on  which 
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is  a  circle  divided  into  360  equal  parts ;  and 
within  that  circle  is  another^  divided  into  eight 
equal  parts^  If  the  short  bar  JE  be  pushed  one 
inch  forward,  (or  toward  the  centre  of  the  cir. 
ele)  the  index  e  will  be  turned  1S3  times  round 
the  circle  of  360  parts  or  degrees^  As  1S5 
times  360  is  45,000,  it  is  evident,  that  if  the 
bar  E  be  moved  only  the  4t5,000th  part  of  an 
inch,  the  index  will  move  one  degree  of  the 
circle.  But,  as  in  my  pyrometer  the  circle  is 
nine  inches  in  diameter,  the  motion  of  the  in- 
dex is  visible  to  half  a  degree,  which  answers 
to  the  ninety  thousandth  part  of  an  inch  in  the 
motion  oe  pushing  of  the  short  bar  E. 

One  end  of  a  long  bar  of  metal  F  is  laid  in- 
to a  hollow  place  in  a  piece  of  iron  6r,  which 
is  fixed  jto  the  frame  of  the  machine ;  and  the 
other  end  of  this  bar  is  laid  against  the  end  of 
the  short  bar  E^  over  the  supporting  cross  bar 
HI:  ami,  as  the  end  /  of  the  long  bar  is  pla* 
eed  close  against  the  end  of  the  short  bar,  )t  is 
'plain,  that  when  F  expands,  it  will  push  f! 
forward,  and  turn  the  index  e. 

The  machine  stands  on  four  short  pillars, 
high  enough  from  a  table,  to  let  a  spirit-lamp 
be  put  on  the  table  under  the  bar  F}  and  when 
Ahat  is  done,  the  heat  of  the  flame  of  the  lamp 
expands  the  bar,  and  turns  the  index. 

There  are  bars  of  different  metals,  as  silver, 
brass,  and  iron,  all  of  the  same  length  as  the 
bar  Fy  for  trying  experiments  on  the  different 
expansions  of  different  metals,  by  equal  de-  • 
grees  of  heat  applied  to  them  for  equal  lengths 
of  time;  wliich  may  be  measured  by  a  pendu- 
lum, that  swings  second s^r-thus, 

Put  on  the  brass  bar  F,  and  set  the  index  to 
th^  360th  degree :  then  put  the  lighted  lamp 
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under  the  bar,  and  count  the  number  of  seconds 
in  which  the  index  goes  round  the  plate,  from 
360  to  360  again;  and  then  blow  out  the  lamp, 
and  take  away  tlie  bar. 

This  done,  put  on  an  iron  bar  F  where  the 
brass  one  was  before,  and  then  set  the  index  to 
the  360th  degree  again.  Light  the  lamp,  and 
put  it  under  the  iron  bar,  and  let  it  remain  just 
jEis  many  seconds  as  it  did  under  the  brass  one ; 
and  then  blow  it  out,  and  you  will  see  iiow 
many  degrees  the  index  has  moved  in  the  cir- 
cle :  and  by  that  means  you  will  know  in  what 
proportion  the  expansion  of  iron  is  to  the  ex- 
pansion of  brass ;  which,  I  find  to  be  as  SIO 
is  to  360,  or  as  7  is  to  13. — By  this  method, 
the  relative  expansions  of  difiercnt  metals  may 
be  found. 

The  bars  ought  to  be  exactly  of  equal  size ; 
and  to  have  them  so,  they  should  be  drawn, 
like  wire,  through  a  hole. 

When  the  lamp  is  blown  out,  you  will  see 
the  index  turn  backward :  which  shows  that ' 
the  metal  contracts  as  it  cools. 

The  inside  of  this  pyrometer  is  constructed 
as  follows  : 

In  Fig.  S.  Aa  is  the  short  bar  which  moves 
between  roller? ;  and,  on  the  side  a  it  lias  19^ 
teeth  in  an  inch,  which  take  into  tlie  leaves  of 
a  pinion  JB,  (IS  in  number)  on  whose  axis  is 
the  wheel  C  of  100  teeth,  which  take  into  the 
10  leaves  of  the  pinion  J9,  on  whose  axis  is  the 
Xvheel  E  of  100  teeth,  which  take  into  the  10 
leaves  of  the  pinion  JP,  on  the  top  of  whoso  axis 
is  the  index  above-mentioned. 

Now,  as  the  wheels  C  and  E  have  100  teeth 
each ;  and  the  pinions  D  and  F  have  10  leaves 
(i.acb,  it  is  plain,  that  if  the  wheel  C  turn  once 
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rounds' the  pinion  F,  and  the  index  on  its  axis 
will  turn  100  times  round.  But^  as  the  first 
pinion  B  has  only  13  leaves^  and  the  bar  Jla 
that  turns  it  has  15  teeth  in  an  inch^  which  is 
IS  and  a  fourth  part  more ;  one  inch  motion  of 
the  bar  will  cause  the  last  pinion  F  to  turn  a 
hundred  times  rounds  and  a  fourth  part  of  a 
hundred  over  and  above^  wliich  is  25*  So  that 
it^ia  be  pushed  one  inch^  F  will  be  turned  1S3 
times  round. 

A  silk  thread  b  is  tied  to  the  axis  of  the  pi- 
nion Df  and  wound  several  times  round  it;  and 
the  other  end  of  tlie  thread  is  tied  to  a  piece  of 
slender  watch-spring  Gy  which  is  fixed  into  tlie 
stud  H.  So  that  as  the  bar  /  expands,  and 
pushes  the  bar  Aa  forward,  the  thread  winds 
round  the  axle,  and  draws  out  the  spring  :  and 
as  the  bar  contracts,  the  spring  pulls  back  the 
thread,  and  tuiTis  the  work  the  contrary  way, 
which  pushes  back  the  short  bar  Aa  against 
the  long  bar/.  This  spring  always  keeps  the 
teeth  of  the  wheels  in  contact  with  the  leaves 
of  the  pinions,  and  so  prevents  any  shake  in 
the  teeth. 

In  Fig.  1.  the  eight  divisions  of  the  inner 

circle  are  so  many  thousandth  parts  of  an  inch 

in  the  expansion  or  contraction  of  the  bars ; 

which  is  just  one  thousandth  part  of  an  inch 

.for  each  division  moved  over  by  the  index. 

4  water-mill  J  invented  by  Dr.  Barker  ^  that  has 
neither  wheel  nor  trundle. 

This  machine  is  represented  by  Fig.  1.  of 
Plate  XXYI,  in  which  Jlis  a,  pipe  or  channel 
that  brings  water  to  the  upright  tube  B.  The 
water  runs  down  tl^e  tube^  and  thence  into  the 
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lionzontal  trunk  C,  and  runs  out  throngh  holes 
at  d  and  e,  near  the  ends  of  the  trunks  on  the 
couti-ary  sides  thereof. 

Tlie  upright  spindle  B  is  fixed  iu  llifi  bot- 
tom of  the  trunk,  and  scicwcd  to  it  below  by 
the  nut^,-  and  is  fixed  into  the  trunk  by  two 
cross  bars  at  ^.-  so  that,  if  the  tubc'if  and 
trunk  C  be  turned  round,  tlie  spindle  I)  will 
be  turned  also. 

Tlie  top  of  ttie  spindle  goes  square  into  the 
tynd  of  the  upper  iniU-stone  H,  as  in  commoa 
mills ;  and,  as  the  trunk,  tube  and  spindle,  turn 
round,  the  mill-sloue  is  turned  round  thereby. 
The  lower,  or  quiescent  millstone,  is  repiTsent^ 
ed  by  ];  and  R'is  the  floor  on  wliich  it  rests, 
and  wherein  is  the  hole  L  for  letting  the  meal 
run  through,  and  fall  down  into  a  trough,  which 
may  be  about  Jtl.  The  hoop  or  caao  that  goes 
round  the  mill-stone  I'ests  on  the  floor  1l,  and 
supports  the  hopper,  in  the  common  way.  The 
lower  end  of  the  spindle  turns  iu  a  hole  in  the 
bridge-tree  GP,  which  supports  the  mill-stone, 
tube,  spindle,  and  trunk.  This  tree  is  movea- 
ble on  a  pin  at  h,  and  its  other  end  is  supported 
by  an  iron  rod  JV*  flxed  into  it,  the  top  of  the 
rod  going  through  the  fixed  bracket  O,  and 
having  a  screw-nut  o  upon  it,  above  thebmck- 
et.  By  turning  this  nut  forward  or  backward^ 
the  mill-stone  is  raised  or  lowered  at  pleasure, . 

While  the  tube  B  is  kept  full  of  water  from 
llie  pipe  ^.  and  the  water  continues  to  run  out 
from  the  ends  of  the  trunk ;  the  upper  mill- 
BlOBc  Iff  together  with  the  trunk,  tube,  and 
Bpinille,  torus  i-ouud.  But,  if  the  holes  in  the 
trunk  wore  stopped,  no  motion  would  ensue} 
rrrn  (hDugh  the  tube  aod  trvaik  were  fall  (rf 
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If  there  were  iio  hole  in  the  trunks  the  pres- 
sure of  the  water  would  be  equal  against  all 
parts  of  its  sides  within.  But^  when  the  water 
has  free  egress  through  the  holes^  its  pressure 
there  is  entirely  removed :  and  the  pressure 
against  the  parts  of  the  sides  which  are  oppo- 
site  to  the  holes^  turns  the  machine.* 

*  This  mill,  which  is  sometimes  called  Parent^B  J^RU,  and 
which  has  lately  been  brought  forward  by  a  Germam  Professor 
(Segiicr's  Exercitationea  Hydraulics)  as  an  mvention  of  his  own^ 
has  exercised  the  ingenuity  of  Euler  and  nemou'dlij  and  its  ope- 
ration seems  to  be  as  complicated  as  its  construction  is  simple* 
In  the  Journal  de  Physique  for  January  and  August  1775,  an  ex- 
cellent improvement  upon  it  is  proposed  by  M.  Mathon  de  la 
Cour.  Instead  of  introducing  the  water  at  the  top  of  the  tube 
J9,  he  bends  the  pipe  A,  that  conducts  the  water  from  the  reser- 
foir  down  by  the  letters  O,  JV,  6,  and  introduces  the  water  at 
the  point  ^  at  the  bottom  of  the  trunk  C,  upon  which  is  fixed  the 
upright  spindle  /),  which  carries  the  mill-stone.  When  the  wa- 
ter is  thus  conveyed  into  the  horizontal  arm  C,  it  runs  out  at  the 
holes  d  and  e,  and  the  motion  is  begun  and  continued  by  the  un« 
balanced  pressure  on  the  opposite  sides  of  the  arms.  In  a  ma- 
chine of  this  kind,  erected  at  Bourg  Argental,  the  Icn^h  of  the 
horizontal  trunk  C  is  seven  feet  seven  inches.  The  diameter  of 
the  orifices  at  J  and  e  1  1-6  inches.  The  height  of  the  reservoir 
above  the  trunk  C  is  twenty-one  feet.  The  diameter  of  the  pipe 
which  conveyed  the  water  into  C  was  two  inches  at  tlieir  junction, 
and  was  fitted  into  C  by  grinding.  The  reader  will  nnd  some 
excellent  remarks  upon  this  mill  in  the  article  Water-works  in 
the  Enclycopxdia  Britannica,  vol.  xviii,  p.  909,  by  the  learned  Dr. 
'Bobinson;  also  in  the  Transactions  of  the  American  Philosophical 
society,  vol.  iii.  p.  185,  where  there  is  a  dissertation  by  Mr.  Wa- 
Ting,  on  the  power  and  machinery  of  Barker's  mill,  with  a  des- 
cription of  it  as  improved  by  Mr.  James  Kumsey,  and  in  Desagu- 
lier*8  Experimental  philosophy,  edit.  3,  vol.  ii,  p.  459.  Would 
aotthe  force  of  this  mill  be  considerably  increased  by  adding  an- 
ether  cylindrical  trunk  crossing  Cat  right  angles,  withoutbeing 
Uable  to  the  objections  which  may  be  stated  against  the  hollow 
conodial  ring  which  Euler  proposes  to  substitute  instead  of  th? 
horizontal  arm  ?— £.  Ep. 
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•1  machine  foi*  demonstrating j  thaty  on  equal 
bottoms^  the  pressure  of  fluids  is  in  propor- 
tion  to  their  j^^rpendiculur  heights,  tcithout 
any  regard  to  their  quantities. 


THIS  is  termed  tlie  Hydrostatical  Paradox: 
and  tlic  machine  for  shewing  it  is  represented 
in  Fig.  2.  of  Plate  XXVI.  In  which  ^  is  a 
box  that  holds  about  a  pound  of  water^  abcde 
a  glass  tube  fixed  in  the  top  of  the  box^  having 
a  small  wire  within  it;  one  end  of  the  wire  being 
hooked  to  the  end  F  of  the  beam  of  a  balance^ 
and  the  other  end  of  the  wire  fixed  to  a  move- 
able bottom^  on  which  the  water  lies^  withia 
the  box ;  the  bottom  and  wire  being  of  equal 
weight  with  an  empty  scale  (out  of  sight  in  the 
figure)  hanging  at  the  other  end  of  the  balance. 
If  this  scale  be  pulled  down^  the  bottom  will  be 
drawn  up  within  the  boX;,  and  that  motion  will 
cause  the  water  to  rise  in  the  glass  tube. 

Put  one  pound  weight  into  the  scale,  w^hich 
will  move  the  bottom  a  little,  and  cause  the 
water  to  appear  just  in  the  lower  end  of  the 
tube  at  a;  which  shows  that  the  water  presses 
with  the  force  of  one  pound  on  the  bottom; 
put  another  pound  into  the  scale,  and  the  water 
will  rise  from  a  to  6  in  the  tube,  just  twice  as 
high  above  the  bottom  as  it  was  m  hen  at  a  ; 
and  then,  as  its  pressure  on  the  bottom,  supports 
two  pound  weight  in  the  scale,  it  is  plain  that 
the  pressure  on  the  bottom  is  then  equal  to  two 
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pounds.  Pdt  a  third  pound  weight  in  the  scal^,* 
and  the  water  will  l>e  raised  from  6  to  c  in  the 
tube^  three  times  as  high  above  the  bottom  as 
when  it  began  to  appear  in  tlie  tube  at  a; 
which  shows^  that  the  same  quantity  of  water 
that  pressed  but  with  the  force  of  one  pound 
on  the  bottom,  when  raised  no  higher  than  Uf 
presses  with  the  force  of  three  pounds  on  the 
bottom  when  raised  tliree  times  as  high  to  c 
in  the  tube.  Put  a  fourtli  pound  weight  into 
the  scale,  and  it  will  cause  the  water  to  rise  in 
the  tube  from  c  to  d,  four  times  as  high  as  w  hen 
it  was  all  contained  in  the  box,  wliich  shows 
that  its  pressure  then  upon  tlie  bottom  is  four 
times  as  great  as  when  it  lay  all  within  tho 
box.  Put  a  fifth  pound  weight  into  the  scale^ 
and  the  water  will  rise  in  tlie  tube  from  d  to  Cf 
five  times  as  high  as  it  was  above  the  bottom 
before  it  rose  in  the  tube ;  wiiich  shows  that 
its  pressure  on  tlie  bottom  is  then  equal  to  ftv& 
pounds^  seeing  that  it  supports  so  much  weight 
in  the  scale ; — and  so  on,  if  the  tube  were  still 
longer :  for  it  would  still  require  an  additional 
pound  put  into  the  scale,  to  raise  the  water  in 
the  tube  to  an  additional  height  equal  to  the 
space  de;  even  if  the  bore  of  the  tuire  were  so 
small  as  only  to  let  tlie  wire  move  freely  with- 
in it^  and  leave  room  for  any  water  to  get  round 
the  wire. 

Hence  we  infer,  that  if  a  long  narrow  pipe 
or  tube  were  fixecl  in  tlie  top  of  a  cask  full  of 
liquor,  and  if  as  much  liquor  were  poured  inta 
the  tube  as  would  till  if.  even  though  rt  were 
So  small  as  not  to  hold  an  ounce  weight  of 
liqoor,  the  pressure  arising  from  the  liquor  in 
the  tube  would  be  as  £';reat  upon  the  bottom* 
and  the  cask  will  be  in  as  much  danger  of  burst- 
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ingi  as  if  it  %vere  continued  up^  in  its  fall  size^ 
to  the  height  of  the  tube^  and  filled  ^ith  li- 
quor. 

In  order  to  account  for  this  surprising  effect 
we  must  consider  that  fluids  press  equally  in 
all  dii-ections ;  and,  consequently,  that  they 
press  just  as  strongly  upward  as  they  do  down- 
ward. For,  if  another  tube,  as  /,  be  put  into 
a  hole  made  in  the  top  of  the  box,  and  the  box 
be  filled  with  water;  and  then,  if  water  be 
poured  in  at  the  top  of  the  tube  abcde,  it  will 
rise  in  the  tube  /to  the  same  height  as  it  does 
in  the  other  tube :  and  if  you  leave  off  pouring, 
when  the  water  is  at  c,  or  any  other  place  in 
the  tube  abcde^  you  will  find  it  just  as  high  in 
the  tube/.*  and  if  you  pour  in  water  to  fill  the 
first  tube,  the  second  will  be  filled  also. 

Now,  it  is  evident  that  the  water  rises  in  the 
tube/,  from  the  downward  pressure  of  the  wa- 
ter in  the  tube  abcde,  on  the  surface  of  the  wa- 
ter, contiguous  to  the  inside  of  the  top  of  the 
box ;  and  as  it  will  stand  at  equal  heights  in 
both  tubes,  the  upward  pressure  in  the  tube  / 
is  equal  to  the  downward  pressure  in  the  other 
tube.  But  if  the  tube  /were  put  in  any  other 
part  of  the  top  of  the  box,  the  rising  of  the  wa- 
ter in  it  would  still  be  the  same :  or,  if  the  top 
"were  full  of  holes,  and  a  tube  put  into  each  of 
them,  the  water  would  rise  as  high  in  each  tube 
as  it  was  poured  into  the  tube  abcde;  and  then 
the  moveable  bottom  would  have  the  weight  of 
the  water  in  all  the  tubes  to  bear,  beside  the 
weight  of  all  the  water  in  the  box. 

And  seeing  tliat  the  water  is  pressed  upward  ' 
into  L'ach  tube,  it  is  evident  that,  if  they  be  all 
taken  away,  except  the  tube  abcde^  and  the 
holes  in  which  they  stood  be  stopped  up ;  each 
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j^rt  thus  stopped^  will  be  pressed  as  much  up- 
ward^ as  was  equal  to  the  weight  of  water  in 
each  tube.  So  that  the  inside  of  the  top  of  the 
box^  on  every  part  equal  in  breadth  to  the  width 
of  the  tube  abcde^  will  be  pressed  upward  with 
a  force  equal  to  the  whole  weight  of  water  in 
Ihe  tube.  And,  consequently,  the  whole  up. 
ward  pressure  against  the  top  of  the  box,  aris- 
ing from  the  weight  or  downward  pressure  of. 
the  water  in  the  tube,  will  be  equal  to  the  weight 
of  a  column  of  water  of  the  same  height  witli 
that  in  the  tube,  and  of  tlie  same  thickness  as 
the  width  of  the  inside  of  the  box :  and  this  up- 
ward pressure  against  the  top  will  re-act  down- 
ward against  the  bottom,  and  be  as  great  there- 
on, as  would  be  equal  to  the  weight  of  a  column 
of  water  as  thick  as  the  moveable  bottom  is 
broad,  and  as  high  as  the  water  stands  in  the 
tube.     And  thus,  the  paradox  is  solved. 

The  moveable  bottom  has  no  friction  against 
the  inside  of  the  box,  nor  can  any  water  get 
between  it  and  the  box.  The  method  of  mak- 
ing it  so,  is  as  follows : 

In  Fig.  3.  JLBCI)  represents  a  section  of  the 
box,  and  abed  is  the  lid  or  top  thereof,  which 
goes  on  tight,  like  the  lid  of  a  common  paper 
snuff-box.  E  is  the  moveable  bottom,  with  a 
groove  around  its  edge,  and  it  is  put  into  a 
bladder^,  which  is  tied  close  around  it  in  the 
groove  by  a  string  waxed  thread ;  the  bladder 
coming  up  like  a  purse  within  the  box,  and  put 
over  the  top  of  it  at  a  and  d  all  round,  and  then 
the  lid  pressed  on.  So  that,  if  water  be  poured 
in  through  the  hole  II  of  the  lid,  it  will  lie  upon 
the  bottom  J?,  and  be  contained  in  the  space 
fEgh  within  the  bladder ;  and  the  bottom  may 
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be  raised  by  pulling  the  wire  i^  which  is  fixed 
to  it  at  iS .'  and  by  thus  pulling  the  wire^  the 
water  will  be  thus  lifted  up  in  the  tube  Ar,  and 
as  the  bottom  docs  not  touch  against  the  inside 
of  the  box^  it  moves  without  friction. 

Now,  su]>posc  the  diameter  of  this  round  bot- 
tom to  be  three  inches,  (in  which  case,  the  area 
thereof  will  be  about  seven  inches)  and  the  dia- 
meter  of  the  bore  of  the  tube  to  be  a  quarter  of 
an  incii ;  the  whole  area  of  the  bottom  will  be 
144  times  as  great  as  the  area  of  the  top  of  a 
pin  that  would  fill  the  tube  like  a  cork. 

And  hence  it  is  plain,  that  if  the  moveable 
bottom  be  raised  only  the  144th  part  of  an  inch, 
the  water  will  thereby  be  raised  a  whole  inch  in 
the  tube ;  and,  consequently,  that  if  the  bottom 
be  raised  one  inch,  it  would  raise  the  w  ater  to 
the  top  of  a  tube  144  Inches,  or  twelve  feet  in 
height. 

JV*,  B. — The  box  must  be  open  below  the 
moveable  bottom,  to  let  in  the  air ;  otherwise, 
the  pressure  of  the  atmosphere  would  be  so  great 
upon  the  moveable  bottom,  if  it  be  three  inches 
in  diameter,  as  to  require  108  pounds  in  the 
scale,  to  balance  that  pressure^  before  the  hot- 
tpfQ  could  begin  to  move. 
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ii  machine,  to  he  substituted  in  place  of  the 
common  hydrostatical  bellows. 

IN  Fig.  1.  of  Plate  XX  VH,  ^BCD  is  an 
oblong  square  box^  in  one  end  of  which  is  .a 
roand  groove,  as  at  a,  from  top  to  bottom,  for 
receiving  the  upright  glass  tube  I,  which  is 
bent  to  a  right  angle  at  the  lower  end,  (as  at  i 
in  Fig.  S.)  and  to  that  part  is  tied  the  neck  of 
a  large  bladder  K,  (Fig.  2.)  which  lies  in  the 
bottom  of  the  box.  Over  this  bladder  is  laid 
the  moveable  board  £,  (Fig.  1.  and  3.)  in 
which  is  fixed  an  upright  wire  M;  and  leaden 
weights  «A'W*,  to  the  amount  of  16  pounds,  with 
boles  in  their  middle,  which  are  put  upon  the 
wire,  over  the  board,  and  press  upon  it  with  all 
their  force. 

The  cross-bar  p  is  then  put  on,  to  secure 
the  tabe  from  falling,  and  keep  it  in  an  upright 
position :  and  then  the  piece  EFG  is  to  be  put 
on,  the  part  G  sliding  tight  into  the  dove-tailed 
groove  jff,  to  keep  the  weights  J\rJ\r  horizontal, 
and  the  wire  M  upright ;  there  being  a  round 
hole  e  in  the  part  EF  for  receiving  the  wire. 

There  are  four  upright  pins  in  the  four  cor- 
ners of  the  box  within,  each  almost  an  inch 
long,  for  the  board  L  to  rest  upon ;  to  keep  it 
from  pressing  the  sides  of  the  bladder  below  it 
close  together. 

The  wiiole  machine  being  thus  put  together, 
pour  wat^  into  the  tube  at  top ;  and  the  water 
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will  ran  down  the  tube  into  the  bladder  below 
the  board;  and^  after  the  bladder  has  been 
filled  up  to  the  boards  continue  pouring  water 
into  the  tube^  and  the  upward  pressure  which 
it  will  excite  in  the  bladder,  will  raise  the 
board  with  all  the  weight  upon  it,  even  though 
the  bore  of  the  tube  should  be  so  small,  that 
less  than  an  ounce  of  water  would  fill  it.^ 

This  machine  acts  upon  the  same  principle^ 
as  the  one  last  described,  concerning  the  hy* 
drostatical  paradox.  FoT,  the  upward  pros* 
sure  against  every  part  of  the  board,  (which 
the  bladder  touches)  equal  in  area  to  the  area 
of  the  bore  of  the  tube,  will  be  pressed  upward 
with  a  force  equal  to  the  weight  of  the  water 
in  the  tube ;  and  the  sum  of  all  these  pressures 
against  so  many  areas  of  the  board,  will  be 
sidficient  to  raise  it  with  all  the  weights  upon 
it. 

In  my  opinion,  nothing  can  exceed  this  sim- 
ple machine,  in  making  the  upward  pressure 
of  fluids  evident  to  sight* 


*  U|xin  this  principle,  it  has  been  justly  affirmed  by  some  wri- 
ters on  natnral  philosophy,  that  a  certain  quantity  of  water,  how- 
ever small,  may  be  rendered  capable  of  exerting  a  force  equal  to 
any  assignable  one,  by  increasing  the  height  of  the  column,  and 
^minishing  the  base  on  which  it  presses.  Dr.  Goldsmith  ob- 
aenres,  that  he  has  seen  a  strong  hogshead  split  in  this  manner. 
A  small,  though  strong  tube  of  tin,  twenty  feet  high,  was  insert- 
ed in  the  bung-hole  of  the  hogshead.  Water  was  then  poured 
into  the  tube  till  the  hogshead  was  filled,  and  the  water  had 
reached  within  a  foot  of  tlie  top  of  the  tin  tube.  By  the  pres- 
sure of  this  column  of  water,  the  hogshead  bursts  with  incredible 
force,  and  the  water  was  scattered  in  every  direction.  Bv  dimi- 
nishing the  area  of  the  tube  one  half,  and  doubling  its  height, 
the  same  quantity  of  water  would  have  a  double  force.— £.  Ed. 
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The  cause  of  reciprocating  springs^  and  pf 
ebbing  and  flowing  wells ^  explained.  "^ 

IN  Fig.  1.  of  Plate  XXVm,  let  abed  be  a 
hill^  within  lyhich  is  a  large  cavern  JlJl  near 
the  top,  filled  or  fed  by  rains  and  melted  snow 
on  the  top  a,  making  their  way  through  chinks 
and  crannies  into  the  said  cavern,  from  which 
proceeds  a  small  stream  CC  within  the  body 
of  the  hill,  and  issues  out  in  a  spring  at  G  on 
the  side  of  the  hill,  which  will  run  constantly 
while  the  cavern  is  fed  with  water. 

From  the  same  cavern  JlJl^  let  there  be  a 
small  channel  J9,  to  carry  water  into  the  cavern 
B  ;  and  from  that  cavern  let  there  be  a  bended 
channel  EeFy  larger  than  Z>,  joining  with  the 
former  channel  CC^  as  at  /  before  it  comes  to 
the  side  of  the  hill ;  and  let  the  joining  at/ be 
below  the  level  of  the  bottom  of  both  these  ca- 
verns. 

As  the  water  rises  in  the  cavern  J3,  it  will 
rise  as  high  in  the  channel  JEeF:  and  when  it 
rises  to  the  top  of  that  channel  at  Cy  it  will  run 
down  the  part  eVG^  and  make  a  swell  in  the 
spring  Cr,  which  will  continue  till  all  the  wa- 
ter be  drawn  off  from  tlie  cavern  By  by  the  na- 
tural syphon  EeFy  (which  carries  off  the  wa- 
ter  faster  from  B  than  the  channel  D  brings 
water  to  it)  and  then  the  swell  will  stop,  and 

*  Dr.  AtweU  of  Oxford  seems  to  have  been  the  first  person 
that  pointed  out  the  cause  of  reciprocating  springs.  The  theory 
of  this  gentleman,  of  which  the  anicle  in  the  text  is  an  abridge 
ment,  was  published  in  number  424  of  the  Philosophical  Trans- 
actions,  and  w»s  suggested  by  the  phono  menu  of  jLu^vc?^/ spring 
at  Brixam  in  Devonshire. — See  Desugu Tier's  lilxperlmental  philo- 
sophy, vol.  ii,  p.  173,  and  vol.  i^  of  this  work,,  p.  134. — £.  l^ix. 
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only  the  small  channel  CC  will  carry  water  to 
the  spring  G^  till  the  cavern  B  is  filled  again 
to  B  by  the  rill  D ;  and  then  the  water  be- 
ing at  the  top  e  of  the  channel  EeF,  that  chan- 
nel will  again  act  as  a  syphon^  and  carry  off 
all  the  water  from  B  to  the  spring  G^  and  so 
make  a  swelling  iiow  of  water  at  G  as  before. 

To  illustrate  this  by  a  machine^  (^'^S'  ^-) 
let«.!l  be  a  large  wooden  box,  filled  with  water; 
and  let  a  small  pipe  CC  (the  upper  end  of 
which  is  fixed  in  the  bottom  of  the  box,)  carry 
water  from  the  box  to  6?,  where  it  will  run  off 
constantly,  like  a  small  spring.  Let  another 
small  pipe  IJ  carry  water  from  tlie  same  box 
to  the  box  or  well  -fl,  from  which  let  a  syphon 
EeF  proceed,  and  join  with  the  pipe  CC  at 
/.•  the  bore  of  the  syphon  being  larger  than 
•  the  bore  of  the  feeding-pipe  D.  As  the  water 
from  ihis  pipe  rises  in  the  well  By  it  will  also 
rise  as -high  in  the  syphon  £el^%-  and  when 
the  syphon  is  full  to  the  top  e,  the  water  will 
ran  over  the  bend  6,  down  the  part  eF,  and  go 
off  at  the  mouth  G  ;  which  will  make  a  great 
stream  at  G :  and  that  stream  will  continue, 
till  the  syphon  has  carried  off  all  the  water 
from  the  well  B  ;  the  syphon  carrying  off  th& 
water  faster  from  B  than  the  pipe  1)  brings 
water  to  it:  and  then  the  swell  at  G  will 
cease,  and  only  the  water  from  the  small  pipe 
CC  will  run  off  at  Cr,  till  the  pipe  D  again  fills 
the  well  B ;  and  then  the  syphon  will  run, 
and  make  a  swell  at  6r  as  before. 

And  thus,  we  have  an  artificial  representa- 
tion  of  an  ebbing  and  flowing  well,  and  of  a 
reciprocating  spring,  in  a  very  natural  and 
simple  manner. 
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An  account  of  the  principles  by  which  JUrt 
Blalcey  proposes  to  raise  water  from  mines 
or  from  rivers^  to  sujqdy  towns  and  gentle- 
men^s  seats,  by  his  new-invented  fire-en- 
ginej  for  which  he  has  received  his  majes- 
ty^ 8  patent. 

Although  I  am  not  at  liberty  to  describe 
the  whole  of  this  simple  engine^  yet  I  have  the 
patentee's  leave  to  dofseribe  such  a  one  as  will 
shew  the  principles  by  which  it  acts. 

In  Fig.  4.  of  Plate  XXVU,  let  A  be  a 
largc^  strong,  close  vessel ;  immersed  in  water 
up  to  the  cock  b,  and  having  a  hole  in  the  bot- 
tom^ with  a  valve  a  upon  iP^  opening  upward 
ivithm  the  vessel.  A  pipe  BC  rises  froni  the 
Lotti)m  of  this  vessel ,  and  has  a  eock  c  in  it 
near  the  top,  which  is  small  there,  for  playing 
a  very  high  jet  d.  E  is  the  little  boiler,  (not 
so  big  as  a  common  tea-kettle)  which  is  con- 
nected with  the  vessel  A  by  the  steam-pipe  Ff 
and  Cr  is  a  funnel,  tlu*ough  M'hich  a  little  wa- 
ter must  be  occasionally  poured  into  the  boil- 
er, to  yield  a  proper  quantity  of  steam.  And  a 
small  quantity  of  water  will  do  for  that  pur- 
pose, because  steam  possesses  upward  of  14,000 
times  as  much  space  or  bulk  as  the  water  does 
from  which  it  proceeds. 

The  vessel  A  being  immersed  in  water  up  to 
the  cock  ft,  open  that  cock,  and  the  water  will 
rush  in  through  tlie  bottom  of  the  vessel  at  a, 
and  fill  it  as  high  up  as  the  water  stands  on  its 
outside ;  and  the  water,  coming  into  the  vessel. 
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tvill  drive,  the  air  out  of  it^  (as  high  as  the  water 
rises  within  it)  through  the  cock  h.  When  the 
water  has  done  rushing  into  the  vessel^  shut  the 
cock  b,  and  the  valve  a  will  fall  down^  and  hin- 
der the  water  from  being  pushed  out  that  way, 
by  any  force  that  presses  on  its  surface.  All 
the  part  of  the  vessel  above  b  will  be  full  of 
common  air  when  the  water  rises  to  b. 

Sliut  the  cock  Cj  and  open  the  cocks  d  and 
6  ;  then  pour  as  much  water  into  the  boiler  E^ 
(through  the  funnel  GJ  as  will  about  half  fill 
it ;  and  tlicn  shut  the  cock  d,  and  leave  the 
cock  c  open. 

This  done^  make  a  fire  under  the  boiler  Ey 
and  the  heat  thereof  will  raise  a  steam  from  the 
water  in  the  boiler ;  and  tlie  steam  will  make 
•  its  way  thence,  through  the  pipe  jF  into  the 
vessel  Mil;  and  the  steam  will  compress  the  air 
(above  bj  with  a  very  great  force  upon  the 
surface  of  the  water  in  •!, 

When  the  top  of  the  vessel  A  feels  very  hot 
by  the  steam  under  it,  open  the  cock  c  in  the 
pipe  C  ;  and  the  air  being  strongly  compressed 
m  Ay  between  the  steam  and  the  water  therein, 
will  drive  all  the  water  out  of  the  vessel  A^  up 
the  pipe  BC^  from  which  it  will  fly  up  in  a  jet 
to  a  very  gi'eat  height.  In  my  fountain,  which 
is  made  in  this  manner,  after  Mr.  Blakey's, 
three  tea-cup  fulls  of  water  in  the  boiler  will 
aflbrd  steam  enough  to  play  a  jet  30  feet  high. 

When  all  the  water  is  out  of  the  vessel  A^ 
and  the  compressed  air  begins  to  follow  the  je<^ 
open  the  cocks  b  and  d  to  let  the  steam  out  of 
the  boiler  E  and  vessel  A^  and  shut  the  cock  e 
to  prevent  any  more  steam  from  getting  into 
A;  and  the  air  will  rush  into  the  vessel  A, 
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through  the  eock  b,  and  the  water  through  the 
valve  a:  and  so  the  vessel  will  be  filled  up  with 
water  to  the  cock  6,  as  before.  Then  shut  the 
cock  b,  and  the  cocks  c  and  d^  and  open  the 
cock  e;  and  then  the  next  steam  that  rises 
in  the  boiler  will  make  its  way  into  tlie  vessel 
•A  again ;  and  the  operation  will  go  on^  as 
above. 

When  all  the  water  in  the  boiler  is  evapo- 
rated^ and  gone  off  into  steam^  pour  a  little 
more  into  the  boiler,  tliroudi  the  funnel  G. 

In  order  to  make  this  engine  raise  water  to 
any  gentleman's  house^  if  the  house  be  on  the 
bank  of  a  river,  the  pipe  BC  may  be  continued 
up  to  the  intended  height,  in  the  direction  UL 
Ch",  if  the  house  be  on  the  side  or  top  of  a  hill, 
at  a  distance  from  the  river,  the  pipe,  through 
which  the  water  is  forced  up,  may  be  laid  along 
on  the  hill,  from  the  river,  or  spring,  to  the 
house. 

The  boiler  may  be  fed  by  a  small  pipe  £", 
from  the  water  that  rises  in  the  main  pipe 
BCHI;  the  pipe  IC  being  of  a  very  small  bore,  ' 

so  as  to  fill  the  funnel  G  with  water  in  the  time 
that  the  boiler  E  will  require  a  fresh  supply. 
And  then,  by  turning  the  cock  rf,  the  water 
will  fall  from  the  funnel  into  the  boiler.  The 
funnel  should  hold  as  much  water  as  will 
about  half.fill  the  boiler. 

TV  hen  either  of  these  methods  of  raising 
water,  perpendicularly  or  oldiquely,  is  used, 
there  will  be  no  occasion  for  having  the  cock 
c  in  the  main  pipe  BCHI :  for  such  a  cock  is 
requisite  only  when  the  engine  is  used  as  a 
fountain. 

A  contrivance  may  be  very  easily  made, 
from  a  lever  to  the  cocks  6,  if,  and  e  /  so  thah 
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by  pulling  the  lever,  tbe  cocks  ft  and  d  may 
be  opened  when  the  cock  e  must  be  shut ;  and 
the  cock  e  be  opened  when  ft  and  d  must  be 
shut. 

The  boiler  E  should  be  inclosed  in  a  brick 
wall,  at  a  little  distance  from  it,  all  around ; 
to  give  liberty  for  the  flames  of  the  fire  under 
the  boiler  to  ascend  round  about  it.  Bv  which 
means,  (the  w  all  not  covering  the  funnel  Gj 
the  force  of  the  steam  will  be  prodigiously  in- 
creased by  the  heat  round  the  boiler;  and  the 
funnel  and  wq^ter  in  it  w  ill  l)e  heated  from  the 
boiler;  so  that  the  boiler  will  not  be  chilled  by 
letting  cold  water  into  it :  and  the  rising  of  the 
steam  will  he  so  much  the  quicker. 

Mr.  Blakey  is  the  only  person  who  ever 
thought  of  making  use  of  air  as  an  intermediate 
body  between  steam  and  w-ater :  by  which 
means,  the  steam  is  always  kept  from  touching 
the  water,  and,  consequently,  from  being  con- 
densed by  it,  And,  on  this  new  principle,  he 
has  obtained  a  patent :  so  that  no  one  (vary  the 
engine  how  he  will)  can  make  use  of  the  air 
between  «team  and  water,  without  infringing 
on  the  patent,  and  being  subject  to  tiie  penal- 
ties of  the  law. 

The  engine  may  be  ])uilt  for  a  trifling  ex- 
pense, in  comparison  of  the  common  Are  en- 
gine now  in  use.  It  will  seldom  need  repairs, 
and  will  not  consume  half  uo  much  fuel.  And, 
as  it  has  no  pumps  with  pistons,  it  is  clear  of 
all  their  friction:  and  the  eflcct  is  equal  to  thcv 
>vhole  strength  or  compressive  force  of  the 
steam  :  which  the  efiect  of  the  common  firi*- 
rngine  never  is,  on  account  of  the  gi'cat  fric-. 
lions  of  Ihe  |)istons  in  their  pumps, 
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Archimedes^s  screw-engine  for  raising  water.^ 

In  Fig.  1.  of  Plate  XXIX,  ABCD  is  a 
"wheely  which  is  turned  round,  according  to  the 
order  of  the  letters,  by  tlie  fall  of  water  KF, 
which  need  not  be  more  than  tliree  feet.  The 
axle  G  of  the  wheel  is  elevated  so,  as  to  make 
an  angle  of  about  44  degrees  with  the  horizon; 
and  on  the  top  of  that  axle  is  a  wheel  /T, 
which  turns  such  anotlier  wheel  I  of  tlie  same 
number  of  teeth :  the  axle  JK!*  of  this  last  wheel 
being  parallel  to  the  axle  G  of  the  two  former  . 

wheels.  ( 

The  axle  G  is  cut  into  a  double-tlireadcd 
screw^  (as  in  Fig.  2.)  exactly  resembling  the 
screw  on  the  axis  of  the  ily  of  a  common  jack* 
which  must  be  (what  is  called)  aright-handed 
screw,  like  the  wood- screws,  if  the  first  wheel 
turns  in  the  direction  ABCD  ;  but  must  be  a 
left-handed  screw,  if  the  stream  turns  that  wheel 
the  contrary  way.  And,  whichever  way  the 
screw  on  the  axle  G  be  cut,  the  screw  on  the 
axle  IC  must  be  cut  the  contrary  way ;  because 
these  axles  turn  in  contrary  directions. 

The  screws  being  thus  cut,  they  must  be 
covered  close  over  with  boards,  like  those  of  a 
cylindrical  cask ;  and  then  they  will  be  spiral 
tubes.  Or,  they  may  be  made  of  tubes  of  stifl' 
leather,  and  wrapped  round  the  axles  in  shal- 
low grooves  cut  therein,  as  in  Fig.  3. 

•  For  a  complete  account  of  the  theory  nnrl  operalidii  of  this 
.  rnf^ne,  see  DittertutiuJi  tur  la  via   JTArch'm  vfe,  pur  llrnr.ert, 
Berlin,  176r.— E.  Ec. 
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The  lower  end  of  the  axle  G  turns  constant- 
ly in  the  stream  that  turns  the  wheels  and  the 
lower  ends  of  the  spiral  tubes  are  open  into  the 
water.  80  that^  as  the  wheel  and  axle  are 
turned  rounds  the  water  rises  in  the  spiral 
tubes^  and  runs  out  at  L^  through  the  holes 
JlfJV*,  as  they  come  about  below  the  axle. — 
These  holes,  (of  which  there  may  be  any  num- 
ber, as  4  or  6)  are  in  a  broad  close  ring  on  the 
top  of  the  axle,  into  which  ring  the  water  is  de- 
livered from  the  upper  open  ends  of  the  screw- 
tubes,  and  falls  into  the  open  box  «^. 

The  lower  end  of  the  axle  K  turns  on  a 
gudgeon,  in  the  water  in  JST;  and  the  spiral 
I  tubes  in  that  axle  take  up  the  water  from  t^ 

f  and  deliver  it  into  such  another  box  under  the 

top  of  K ;  on  which  there  may  be  such  another 
wheel  as  ly  to  turn  a  third  axle  by  such  a  wheel 
upon  it.  And,  in  this  manner,  water  may  be 
raised  to  any  given  height,  when  there  is  a 
stream  sufficient  for  that  purpose  to  act  on  the 
broad  float-boards  of  the  first  wheel.    ' 

%9.  quadruple  pump-mill  for  raising  water. 

This  engine  is  represented  in  Plate  XXX, 
in  which  ^BCD  is  a  wheel,  turned  by  water 
according  to  the -order  of  the  letters.  On  the 
horizontal  axis  are  4  small  wheels,  toothed  al- 
most half  round  :  and  the  parts  of  their  edges 
on  which  there  are  no  teeth,  are  cut  down,  so 
as  to  be  even  with  the  bottoms  of  the  teeth 
where  they  stand. 

The  teeth  of  these  4  wheels  take  alternately 
into  the  teeth  Of  4  racks,  which  hang  by  S 
chains  over  the  pulleys  Q  and  L ;  and  to  the 
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lower  ends  of  the  racks  there  are  4  iron  rods 
fixed,  which  go  down  into  tlie  4  forcing  pumps, 
S^  Ry  My  and  A*.  And,  as  the  wheels  turn, 
the  rack  and  pump-rods  are  alternately  moved 
up  and  down. 

Thus,  suppose  the  wheel  G  has  pulled  down 
the  rack  /,  and  drawn  up  the  rack  K  hy  the 
chain;  as  the  last  tooth ^ of  G  just  leaves  the 
uppermost  tooth  of  J,  the  first  tooth  of  H  is 
ready  to  take  into  the  lowermost  tooth  of  the 
rack  Ky  and  pull  it  down  as  far  as  the  teeth 
go;  and  then  the  rack  I  is  pulled  upward 
through  the  wholse  space  of  its  teeth,  and  the 
wheel  G  is  ready  to  take  hold  of  it,  and  pull 
it  down  again,  and  so  draw  up  the  other.     In  ^ 

the  same  manner,  the  wh^eels  E  and  F  work  ( 

the  racks  O  and  P.* 

These  4  wheels  are  fixed  on  the  axle  of  the 
great  wheel  in  such  a  manner  with  respect  to 
the  positions  of  their  teeth ;  that  while  they 
continue  turning  round,  there  is  never  one  in- 
stant of  time  in  which  one  or  other  of  the  pump- 
rods  is  not  going  down,  and  forcing  the  water. 
So  that,  in  this  engine,  there  is  no  occasion  for 
having  a  general  air-vessel  to  all  the  pumps, 
to  procure  a  const^int  stream  of  water  flowing 
from  the  upper  end  of  the  main  pipe. 

The  pistons  of  these  pumps  are  solid  plun- 
gers, the  same  as  described  in  the  fifth  lecture 
of  my  book,  to  which  this  a  supplement.  See 
Plate  XI,  Fig.  4.  of  that  booky  with  the  de- 
scription of  the  figure. 

*  For  the  proper  form  which  must  be  f^iven  to  the  teeth  of 
the  wheels  and  racks,  in  order  to  produce  an  equable  and  uni- 
Ibrm  motion,  aee  Appendix,  vol.  ii.  This  method  of  moving-  the 
pistons  is  preferable  to  the  crank.motion  employed  in  the  engine 
which  is  represented  in  Plate  XII. — £.  £9. 
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From  -  each  of  these  pumps^  near  the  lowest 
end,  in  the  water,  tliere  goes  off  a  pipe,  with  a 
valve  on  its  farther  end  from  the  pump ;  and 
these  ends  of  the  pipes  all  enter  one  close  box, 
into  which  they  deliver  the  water :  and  into  this 
box,  the  lowef  end  of  the  main  conduit  pipe  is 
fixed.  So  tliat,  as  the  water  is  forced  or  pushed 
into  this  box,  it  is  also  pushed  up  the  main  pipe 
to  the  height  that  it  is  intended  to  be  raised. 

There  is  an  engine  of  this  sort,  described  in 
Ramclli's  work :  but  I  can  truly  say,  that  I 
never  saw  it  till  some  time  after  I  had  made 
this  model. 

The  said  model  is  not  above  twice  as  big  as 
the  figure  of  it,  here  described.  I  turn  it  by  a 
winch  fixed  on  tlie  gudgeon  of  the  axle  behind- 
the  water-wheel ;  and  when  it  was  newly  made, 
and  the  pistons  had  valves  in  good  order,  I  put 
tin  pipes,  13  feet  high,  upon  it,  when  they  were 

^*oined  together,  to  see  what  it  could  do.  And 
[  found,  that  in  turning  it  moderately  by  the 
winch,  it  would  raise  a  hogshead  of  water  in 
an  hour,  to  the  height  of  15  feet. 


\ 
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!Z7te  universal  Dialing-Cylinder. 

IN  Fig.  1.  of  Plate  XXXI,  ABCB  repre- J^^^^f 
sents  a  cylindrical  glass  tube,  closed  at  both 
ends  with  brass  plates,  and  having  a  wire  or 
kxihEFG  fixed  in  tlie  centres  of  the  brass  plates 
at  top  and  bottom.  This  tube  is  fixed  to  a  ho- 
rizontal board  //,  and  its  axis  makes  an  angle 
with  the  board  equal  to  the  angle  of  tlie  earth's 
axis  M'ith  the  horizon  of  any  given  place,  for 
which  the  cylinder  is  to  serve  as  a  dial.  And  it 
must  be  set  witli  its  axis  parallel  to  the  axis  of 
the  world  in  that  place;  tlie  end  E  pointing  to 
the  elevated  pole.  Or,  it  may  be  made  to  move 
upon  a  joint ;  and  then  it  may  be  elevated  for 
any  particular  latitude. 

There  are  24  straight  lines,  drawn  with  a  dia- 
mond, on  the  outside  of  the  glass,  equi-distant 
from  each  other,  and  all  of  them  parallel  to  the 
axis.  These  are  the  hour-lines :  and  the  hours 
are  set  to  them  as  in  the  figure  :  the  XII  next 
B  stands  for  midnight,  and  the  opposite  XII^ 
next  the  board  //,  stands  for  mid-day  or  noon. 

The  axis  being  elevated  to  the  latitude  of  the 
place,  and  the  foot- board  set  truly  level,  with  the 
black  line  along  its  middle  in  the  plane  of  the 
meridian,  and  the  end  t7V'  toward  the  north;  the 
axis  JB-FGr  will  serve  as  a  stile  or  gnomon,  and 
cast  a  shadow  on  the  hour  of  the  day,  among  tlie 
parallel  hour-lines  when  the  sun  shines  on  the 
machine.  For,  as  the  sun's  apparent  diurnal 
motion  is  equable  in  the  heavens,  the  shadow  of 
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the  axis  will  move  equably  in  the  tube ;  and  will 
always  fall  upon  that  hour-line  which  is  opposite 
to  tlie  sun,  at  any  given  time. 

The  brass  plate  JiJ>,  at  the  top,  is  parallel  to 
the  equator,  and  the  axis  EFG  is  perpendicular 
to  it.  If  riglit  lines  be  drawn  from  the  centre  of 
this  phate,  to  the  upper  ends  of  the  equi-distant 
parallel  lines  on  the  outside  of  the  tube  ;  these 
right  lines  Avill  be  the  hour-lines  on  the  equi- 
noctial dial  t^/?,  at  15  dej::rees  distance  from  each 
other:  and  the  hour-letters  maybe  settothem^ 
as  in  the  figure.  Then,  as  the  shadow  of  the 
axis  witliin  the  tube  comes  on  the  hour-lines  of 
that  tube,  it  will  cover  the  like  hour-lines  on  the 
equinoctial  plate  AD. 

If  a  thin  horizontal  plate  ef  be  put  within  the 
tube,  so  that  its  edge  may  touch  the  tube  all 
'  around  ;  and  right  lines  be  drawn  from  the  cen- 
tre of  the  plate  to  those  points  of  its  edge  which 
are  cut  by  the  parallel  hour-lines  on  the  tube ; 
these  right  lines  will  be  the  hour-lines  of  a  ho- 
rizontal  dial^  for  the  latitude  to  which  the  tube 
is  elevated.  For,  as  the  shadow  of  the  axis 
comes  successively  to  the  hour-lines  of  the  tobe^ 
and  covers  them,  it  will  then  cover  the  like 
hour-lines  on  the  horizontal  plate  ef,  to  which 
the  hours  may  be  set,  as  in  the  figure. 

If  a  thin  vertical  plate  gC  be  put  within  the 
tube,  so  as  to  front  the  meridian  or  XII  o'clock 
line  thereof,  and  the  edge  of  this  plate  touch 
the  tube  all  around  :  and  then,  if  right  lines  be 
drawn  from  the  centre  of  the  plate  to  those  points 
of  its  edge  which  are  cut  by  the  parallel  hour- 
lines  on  the  tube  ;  these  right  lines  will  be  the 
hour-lines  of  a  vertical  south-dial;  and  the  sha- 
dow of  the  axis  will  cover  them  at  the  same 
times  that  it  covers  those  of  the  tube. 
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If  a  tliin  plate  be  put  within  the  tube  so  as  p^*"" 
to  decline,  or  incline,  or  recline,  by  any  given  ^ 
number  of  degrees ;  and  right-lines  be  drawn 
from  its  centre  to  the  hour-lines  of  the  tube ; 
these  right  lines  will  be  the  hour-lines  of  a  de- 
dining,  inclining,  or  reclining  dial,  answering 
to  the  like  number  of  decrees,  for  the  latitude 
to  which  the  tube  is  elevated. 

And  thus,  by  this  simple  machine,  all  the  prin- 
ciples of  dialing  are  made  very  plain,  and  evi- 
dent to  the  sight.  And  the  axis  of  the  tube, 
(.which  is  parallel  to  the  axis  of  the  Avorld  in 
every  latitude  to  which  it  is  elevated)  is  the 
stile  or  gnomon  for  all  the  flifferent  kinds  of 
sun-dials. 

And,  lastly,  if  the  axis  of  the  tube  be  drawn 
out,  with  the  plates  •AIJ^  ef^  and  gC  upon  it ; 
and  set  up  in  the  sun-shine,  in  the  same  posi- 
tion as  they  were  in  tiie  tube ;  you  will  have 
an  equinoctial  dial  •IJ),  a  horizontal  dial  efy 
and  a  vertical  south-dial  gC;  on  all  which  the 
time  of  the  day  Mill  be  shown  by  the  shadow 
of  the  axis  or  gnomon  EFG. 

Let  us  now  suppose,  that,  instead  of  a  glass 
tube,  ABCD  is  a  cylinder  of  wood ;  on  which 
the  34  parallel  hour-lines  are  drawn  all  around, 
at  equal  distances  from  each  other ;  and  that, 
from  the  points  at  top,  where  these  lines  end, 
right  lines  are  drawn  toward  the  centre,  on  the 
flat  surface  AD.  These  right  lines  will  be  the 
hour-lines  on  an  equinoctial  dial,  for  the  latitude 
of  the  place  to  which  the  cylinder  is  elevated 
above  the  horizontal  foot  or  pedestal  //;  and 
they  are  equi-distant  from  each  other,  as  in 
Fig.  2.  which  is  a  full  view  of  the  flat  surface  or 
top  Al)  of  the  cylinder,  seen  obliquely  in  Fig.  t. 
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fLATE      ^nd  the  axis  of  the  cylinder  (which  is  a  stHiight 

^^^-     y^iYQ  EFG  all  down  its  middle)  is  the  stile  op 

gnomon ;  which  is  perpendicular  to  the  plane 

of  the  equinoctial  dial,  as  the  earth's  axis  is 

perpendicular  to  tlic  plane  of  the  equator. 

To  make  a  horizontal  dial,  by  the  cylinder, 
for  any  latitude  to  wliicli  its  axis  is  elevated ; 
draw  out  the  axis  and  cut  the  cylinder  quite 
through,  as  at  ehfg.  parallel  to  the  horizontal 
board  Hy  and  take  off  the  top  part  eJUJfe  }  and 
the  section  ehfge  will  be  of  an  elliptical  form, 
as  in  Fig.  3.  Then,  froni  the  points  of  this 
section,  Ton  the  remaining  part  eBCfJ  where 
the  parallel  lines  on  the  outside  of  the  cylinder 
meet  it,  draw  right  lines  to  the  centre  of  the 
section ;  and  they  will  be  the  true  hour-lines  for 
a  horizontal  dial,  as  abcda^  in  Fig.  3.  which 
may  be  included  in  a  circle  drawn  on  that  sec-r 
tion.  Then  put  tlie  wire  into  its  place  again, 
and  it  will  be  a  stile  for  casting  a  shadow  on 
the  time  of  the  day,  on  that  dial.  So  E  (Fig. 
3.)  is  the  stile  of  the  horizontal  dial,  parallel 
to  the  axis  of  the  cylinder. 

To  make  a  vertical  south-dial  by  the  cylin- 
der,  draw  out  the  axis,  and  cut  the  cylinder 
perpendicularly  to  the  horizontal  board  jfif,  as 
iitgiCJcg^  beginning  at  the  hour-line  fBgeJlJ 
of  XII,  and  making  the  section  at  right  angles 
to  the  line  SIIvYon  the  horizontal  board.  Then, 
take  off  the  upper  part  gADC,  and  the  face  of 
the  section  thereon  w^ill  be  elliptical,  as  shown 
in  Fig.  4.  From  the  points  in  the  edge  of  this 
section,  where  the  parallel  hour-lines  on  the 
round  surface  of  the  cylinder  meet  it,  draw 
fight  lines  to  the  centre  of  the  section ;  and 
jhey  will  be  the  true  hour-lines  on  a  vertical 
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direct  south-dial,  for  the  latitude  to  which  the  p>^™ 

XXXI 

cylinder  was  elevated ;  and  will  appear  as  in   ' 
Fig*  4.  on  which  the  vertical  dial  may  be  made 
of  a  circular  shape,  or  of  a  square  shape  as  re* 
presented  in  the  figure.     And  F  will  be  its 
stile  parallel  to  the  axis  of  the  cylinder. 

And  thus,  you  may  cut  the  cylinder  any  way, 
60  as  its  section  may  either  incline^  or  decline, 
or  recline,  by  any  given  number  of  degrees ; 
and  from  those  points  in  the  edge  of  the  sec* 
tion ;  where  the  outside  parallel  hour-lines  meet 
it,  draw  right  Hues  to  the  centre  of  the  section; 
and  they  will  be  the  true  hour-lines,  for  the  like 
declining,  reclining,  or  inclining  dial :  and  the 
axis  of  the  cylinder  will  always  be  the  gnomon 
pr  stile  of  tlie  dial.  For,  whichever  way  the 
plane  of  the  dial  lies,  its  stile  (or  the  edge 
thereof,  that  casts  the  shadow  on  the  hours  of 
the  day)  must  be  parallel  to  the  earth's  axis, 
and  point  toward  the  elevated  pole  of  the  hea- 
vens. 

To  delineate  a  stin-dial  on  paper^  whichy  when 
pasted  on  a  cylinder  of  wood,  shall  show  the 
time  of  the  day,  the  sun^s  place  in  the  eclip- 
tiCf  and  his  altitude,  att  any  time  of  obser- 
vation p 

Draw  the  risht  line  a^iB.  parallel  to  the  top  p^*" 
of  the  paper;  and  with  any  covenient  opening 
pf.the  compasses  set  one  foot  in  the  end  of  the 
line  at  a,  as  a  centre,  and  with  the  other  foot 
^escribe  the  quadrantal  arc  JLE,  and  divide  it 
into  90  eqnal  parts  or  degrees.  Draw  the  right 
line  JIC9  at  right  angles  to  aAB,  and  touching 
the  quadrant  .AE  at  the  point  A.  Then,  from 
t|ie  centre  a,  draw  right  lines  through  as  many 


129  mdivSf 

degrees  of  the  quadrant  as  are  equal  to  the  sun's 
altitude  at  noon^  on  the  longest  day  of  the  year^ 
at  the  place  for  which  the.  dial  is  to  serve ; 
^hich  altitude  at  London  is  6S  degrees ;  and 
continue  these  right  lines  till  they  meet  the  tan- 
gent line  AC^  and  from  tliese  points  of  meeting 
draw  straight  lines  across  the  paper,  parallel 
to  the  first  right  line  JiB^  and  they  Will  be  the 
parallel^  of  the  sun's  altitude,  in  whole  degrees, 
from  sun-rise  till  sun-set,  on  all  the  days  of  the 
year.  These  parallels  of  altitude  must  be  drawn 
out  to  the  right  line  BJ)j  which  must  be  paral- 
lel to  ACj  and  as  far  from  it  as  is  equal  to  the 
intende^l  circumference  of  the  cylinder  on  which 
the  paper  is  to  be  pasted,  when  the  dial  is  drawi^ 
upon  it. 

Divide  the  space  between  the  right  lines  JIC 
and  BD  (at  top  and  l)ottom)  into  13  equal  parts, 
for  the  13  signs  of  the  ecliptic ;  and,  from  mark 
to  mark  of  these  divisions  at  top  and  bottom, 
draw  right  lines  parallel  to  JlC  and  BJ)  ;  and 
place  the  characters  of  the  12  signs  in  these  IS 
spaces,  at  the  bottom,  as  in  the  fii;ure  ;  beginr 
ping  with  V3  or  Capricorn,  an«l  ending  with  x 
or  Pisces,  The  spaces  inrluiling  the  signs 
should  be  divided  by  parallel  lines  into  halves; 
and  if  the  breadth  will  admit  of  it  without  con- 
fusion, into  quarters  also. 

At  the  top  of  the  dial,  make  a  scale  of  the 
months  and  days  of  the  year,  so  that  the  days 
may  stand  over  the  sun's  place  for  each  of  them 
in  the  signs  of  the  ecliptic.  The  sun's  place, 
for  every  day  of  the  year,  may  be  found  by  any 
common  ephemeris  :  and  here  it  will  be  best  to 
make  use  of  an  ephemeris  for  the  second  year 
after  leap-year;  as  the  nearest  mean  for  the 
sun's  place  on  the  days  of  the  leap-year,  wA 
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6n  those  of  the  first^  second^  and  third  year 
after. 

Compute  the  sun's  altitude  for  every  hour,  (in 
the  latitude  of  your  place)  when  he  is  in  the 
beginning,  middle,  and  end,  of  each  sign  of  the 
'  ecliptic ;  his  altitude  at  the  end  of  each  sign 
being  the  same  as  at  the  hginning  of  the  next. 
Aiid,  in  the  upright  parallel  lines,  at  the  begin- 
ning and  middle  of  each  sign,  make  marks  for 
those  computed  altitudes  among  the  horizontal 
parallels  of  altitude,  reckoning  them  downward^ 
according  to  the  order  of  the  numeral  figures  set 
to  them  at  the  right  hand,  answering  to  the  like 
division  of  the  quadrant  at  the  left.  And^ 
through  these  marks,  draw  the  curve  hour-lines^ 
and  set  the  hours  to  them,  as  in  the  figure, 
reckoning  the  forenoon-hours  downwards,  and 
the  afternoon- hours  upward.  The  sun's  alti- 
tude should  also  be  computed  for  the  half-hours ; 
and  the  quarter-lines  may  be  drawn,  very  near- 
ly in  their  proper  places,  by  estimation  and  ac- 
curacy of  the  eye.  Then,  cut  off  the  paper  at 
the  left  hand,  on  which  the  quadrant  was  drawTi^ 
close  by  the  right  line  AC,  and  all  the  paper  at 
the  right  hand  close  by  the  right  line  BD;  and 
cat  it  also  close  by  the  top  and  bottom  horizon- 
tal lines ;  and  it  will  be  fit  for  pasting  round 
the  cylinder. 

This  cylinder  is  represented  in  miniature  by 
Fig.  1.  Plate  XXXm.  It  should  be  hollow, 
to  bold  the  stile  DE  when  it  is  not  used.  The 
crooked  end  of  the  stile  is  put  into  a  hole  in  the 
lop  •ID  of  the  cylinder ;  and  the  top  goes  on 
tight,  but,  however,  must  be  made  to  turn  round 
•n  the  cylinder,  like  the  lid  of  a  paper  snuff-box. 
The  stile  must  stand  straight  out,  perpendicular 
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to  the  side  of  the  cylinder,  just  over  the  right 
line  AB  in  Plate  XXXII,  where  the  parallels 
of  the  sun's  altitude  begin  :  and  the  length'of 
the  stile,  or  distance  of  its  point  e  from  the  cy- 
linder,  must  b^  equal  to  the  radius  (ui  of  the 
quadrant  AE  in  Plate  XXXII. 

The  method  ofusivg  this  dial  is  as  follows.' 

Place  the  horizontal  foot  BC  of  the  cylinder 
on  a  level  table  where  the  sun  shines,  and  turn 
the  top  JU)  till  the  stile  stand  just  over  the 
day  of  the  then  present  month.  Then  turn  the 
cylinder  about  on  the  table,  till  the  shadow  of 
the  stile  falls  upon  it,  parallel  to  those  upright 
lines,  which  divide  the  signs,  that  is,  till  the 
shadow  be  parallel  to  a  supposed  axis  in  the 
middle  of  the  cylinder :  and  then,  the  point  or 
lowest  end  of  the  shadow,  will  fall  upon  the 
time  of  the  day,  as  it  is  before  or  after  noon^ 
among  the  curve  hour-lines;  and  will  show 
the  sun's  altitude  at  that  time,  among  the  cross 
parallels  of  his  altitude,  which  go  round  the  cy- 
linder :  and,  at  tlie  same  time,  it  will  show  in 
what  sign  of  the  ecliptic  the  sun  then  is,  and 
you  may  very  nearly  guess  at  the  degree  of  the 
sign,  by  estimation  of  the  eye. 

The  XXXIId  Plate,  on  which  this  dial  is 
drawn,  may  be  cut  out  of  the  book,  and  passed 
round  a  cylinder  whose  length  is  6  inches  and 
6  tenths  of  an  inch  below  tlie  moveable  top ; 
and  its  diameter  2  inciies  and  S4  hundred  parts 
of  an  inch. — Or,  I  suppose  the  copper- plate 
prints  of  it  may  be  had  of  the  booksellers  ia 
London.  But  it  will  only  do  for  Loudon,  and 
other  places  of  the  same  latitude. 
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When  a  level  table  cannot  be  bad^  the  dial 
may  be  hung  by  the  ring  F  at  the  top.  And, 
when  it  is  not  used,  the  >vire  that  serves  for  a 
stile  may  be  drawn  out,  and  put  up  within  the 
cylinder;  and  the  machine  carried  in  the  poc- 
ket. 

To  make  three  sun-Aiah  upon  three  different 
jplaneSj  which  shall  all  show  the  time  of  the 
day  by  one  gnomon. 

On  the  flat  beard  ABC  describe  a  horizontal 
dial,  according  to  any  of  the  rules  laid  down  in 
the  lecture  on  dialing ;  and  to  it  fix  its  gnomon 
VGHj  the  edge  of  the  shadow  from  the  side 
¥G  being  that  M'hich  shows  the  time  of  the 
day. 

To  thi«  horizontal  or  flat  l)oard,  join  the  up- 
right board  EDC^  touching  the  edge  GH  of 
the  gnomon.  Then,  making  the  top  of  the  gno- 
mon at  G  the  centre  of  the  vertical  south-dial, 
describe  a  south-dial  on  the  board  EDC. 

Lastly,  on  a  circular  plate  IK  describe  an 
equinoctial  dial,  all  the  hours  of  which  dial 
are  equi-distant  from  each  other ;  and  making 
a  slit  cd  in  that  dial,  from  it  edge  to  its  centre, 
in  the  XII  o'clock  line ;  put  the  said  dial  per- 
pendicularly on  the  gnomon  FG^  as  far  as  the 
slit  will  admit ;  and  the  triple  dial  will  be  fin- 
ished ;  the  same  gnomon  serving  all  the  three^ 
and  showing  the  same  time  of  day  on  each  of 
them. 
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Jl  universal  Dial  an  a  plain  cross* 

Plate  Tliis  dial  IS  represented  by  Fig.  1.  of  Plate 

^'^^'  XXXrV,  and  is  moveable  on  a  joint  C,  for 
elevating  it  to  any  given  latitude^  on  the  quad« 
rant  C  0  90,  as  it  stands  upon  tire  horizontal 
board  A.  The  arms  of  the  cross  stand  at  right 
angles  to  the  middle  part ;  and  the  top  of  it 
from  a  to  72,  is  of  etiual  lengtli  with  either  of 
the  arms  ne  or  mk. 

Having  set  the  middle  line  tu  to  the  latitude 
of  your  place,  on  the  quadrant,  the  board  Ji 
level,  and  the  point  J\*  northAvard  by  the  nee- 
die ;  the  plane  of  the  cross  will  be  parallel  to 
the  plane  of  the  equator ;  and  the  macliine  will 
be  rectified. 

Then,  from  III  o'clock  in  the  morning,  till 
VI,  the  upper  edge  kl  of  the  arm  io  will  cast  a 
shadow  on  tlie  time  of  the  day  on  the  side  of  the 
arm  cm :  from  VI  till  IX  the  lower  edge  i  of 
the  arm  io  will  cast  a  shadow  on  the  hours  on 
the  side  oq.  From  IX  in  the  morning  till  XII 
at  noon,  the  edge  ab  of  the  top  part  an  will  cast 
a  shadow  on  the  liours  on  the  arm  nef:  from 
XII  till  III  in  the  afternoon,  the  edge  cd  of  the 
top  part  will  cast  a  shadow  on  the  hours  on  the 
arm  klm :  from  III  till  VI  in  the  evening  the 
edge  gh  will  cast  a  shadow  on  the  hours  on  the 
]fOLVtps;  and  from  VI  till  IX,  the  shadow  of 
the  edge  ef  will  show  the  time  on  the  top  part 
an. 

The  breadth  of  each  part  aft,  e/,  &c.  must 
be  so  great  as  never  to  let  the  shadow  fall  quite 
without  the  part  or  arm  on  which  the  hours  are 


Dialing.  131 

narked,  when  the  sun  is  at  his  sreatest  decli-  v^"* 
Dation  from  the  equator. 

To  determine  the  l)reaclth  of  the  sides  of  the 
arms  wliieh  contain  the  hours^  so  as  to  be  in  just 
proportions  to  their  length,  make  an  angle  JjBC 
(Fig.  2.)  of  234  degrees,  which  is  equal  to  the 
sun's  greatest  declination :  and  suppose  the 
length  of  each  arm,  from  the  side  of  the  long 
middle  part,  and  also  the  lengtli  of  the  top  part 
above  the  arms,  to  be  equal  to  Bd. 

Then,  as  the  edges  of  the  shadow  from  each 
of  the  arms,  w  ill  be  parallel  to  Bo^  making  an 
angle  of  23^  degrees  with  the  side  Bn  of  the 
ahn  when  tlie  sun* s  declination  is  23^  degrees ; 
it  is  plain,  that  if  tlie  length  of  the  arm  be  Bn, 
the  least  breadth  that  it  can  have,  to  keep  the 
edge  Bo  of  the  sliadow  Bogd  from  going  off 
the  side  of  the  arm  no  before  it  comes  to  the 
end  on  thereof,  must  be  equal  to  on  or  dB.  But 
in  onler  to  keep  the  shadow  within  the  quarter 
divisions  of  the  hours,  when  it  comes  near  the 
end  of  the  arm,  the  breadth  thereof  should  be 
still  gi'eater,  so  as  to  be  almost  doubled,  on 
account  of  the  distance  between  the  tips  of 
the  arms. 

To  place  the  hours  right  on  the  arms,  take 
ihe  following  method  : 

Lay  down  the  cross  abed  (Fig.  3.)  on  a  sheet 
of  paper;  and,  with  a  black  lead  pencil,  held 
close  to  it,  draw  its  shape  and  size  on  the  paper. 
Then,  taking  the  length  ae  in  your  compasses, 
and  setting  one  foot  in  the  comer  e^  with  the 
other  foot  describe  the  quadrantal  arc  ef.  Di- 
vide this  arc  into  six  equal  parN,  and  through 
the  division-marks  draw  right  lines  agy  a&,  &c. 
continuing  three  of  them  to  the  arm  ce,  which 
are  all  that  can  fall  upon  it ;  and  they  will 
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J!"^^.,  meet  the  arm  in  these  points  through  which  the 
lines  that  divide  the  honrs  from  each  other  (as 
in  Fig.  1.)  are  to  be  drawn  right  across  it. 

Divide  eacii  arm,  for  the  three  hours  it  con- 
tains  in  the  same  manner;  and  set  the  hours  to 
their  projier  places  (cm  the  sides  of  the  arms)  as 
they  are  marked  in  Fig.  3.  Each  of  the  hour* 
spaces  should  he  divided  into  four  equal  parts^ 
for  the  half-hours  and  quarters,  in  the  quadrant 
ef;  and  right  lines  should  be  drawn  through 
these  division-marks  in  the  quadrant^  to  the 
arms  of  the  cross,  in  order  to  determine  the 
places  thereon  where  the  sub-divisions  of  the 
hours  must  be  marked. 

This  is  a  very  simple  kind  of  univei'sal  dial; 
it  is  very  easily  made,  and  will  have  a  pretty, 
uncommon  appearance  in  a  garden. — I  have 
seen  a  dial  of  this  sort^  but  never  saw  one  of 
the  kind  that  follows. 


•1  universal  dial,  sheicing  the  hours  of  the  day 
by  a  terrestrial  globe,  and  by  the  shadows  of 
several  gnomons  at  the  same  time :  together 
with  all  the  places  of  the  earth  which  are  then 
enlightened  by  the  sim  ;  and  those  to  which 
the  sun  is  then  rising,  or  on  the  meridian^ 
or  setting. 

xxxY         J*^^^  ^^'^^  (^^'^  ^'^'^'^  XXXA^)  is  made  of  a 
thick  square  piece  of  wood,  or  hollow  metal. 

The  sides  are  cut  into  semicircular  liollows^  in 

which  the  hours  are  placed ;  the  stile  of  each 

hollow  comin*]:  out  from  the  bottom  thereof,  as 

far  as  the  ends  of  the  hollows  project.     The 

corners  are  cut  out  into  angles,  in  the  insides 

of  which.  t)ic  hours  arc  also  marked  :  and  the 
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edge  of  the  end  of  each  side  of  the  angle  serves 
as  a  stile  for  easting  a  sliadow  on  the  hours 
marked  on  the  other  side. 

In  the  middle  of  the  uppermost  side  or  plane, 
there  is  an  equinoctial  dial ;  in  the  centre  where- 
of an  upright  wire  is  fixed,  for  casting  a  shadow 
on  the  hours  of  that  dial,  and  supporting  a 
amall  terrestrial  globe  on  its  top. 

The  whole  dial  stands  on  a  pillar,  in  the 
middle  of  a  round  horizontal  board,  in  wiiich 
there  is  a  compass  and  magnetic  needle,  for 
placing  the  m^r/ef /a/2 -stile  toward  the  south. 
The  pillar  has  a  joint  with  a  quadrant  upon  it^ 
divided  into  90  degrees,  (supposed  to  be  hid 
from  sight  under  the  dial  in  the  figure)  for  set- 
ting  it  to  the  latitude  of  any  given  place,  the 
same  way  as  already  described  in  the  dial  on 
the  cross. 

The  equator  of  the  globe  is  divided  into  24 
equal  parts,  and  the  hours  are  laid  down  upon 
it  at  these  parts.  The  time  of  the  day  may  be 
known  by  these  hours,  when  the  sun  shines 
upon  the  globe. 

To  rectify  and  use  this  dial,  set  it  on  a  level 
table,  or  sole  of  a  window,  where  the  sun  shines, 
placing  the  meridian-stile  due  south,  by  means 
of  the  needle  :  which  will  be,  when  the  needle 
points  as  far  from  the  north  iieur-de-lis  toward 
the  west,  as  it  declines  westward,  at  your 
place.*  Then  bend  the  pillar  in  the  joint,  till 
the  black  line  on  the  pillar  comes  to  the  lati- 
tude of  your  place  in  the  quadrant. 

•  As  the  declination  of  the  needle  is  very  uncertain,  and  va 
ries  even  at  the   same  place,  tlic  dial  should  Ik:  rectified  hy 
means  of  a  mcridian-line,  drawn  upon  the  side  ul'  the  window  — 
E.  Ed. 
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The  machine  being  thus  rectified,  the  plane 
of  its  dial-part  will  be  parallel  to  the  equator^ 
the  wire  or  axis  that  supports  the  globe  will  be 
parallel  to  the  earth's  axis,  and  the  north  pole 
of  the  globe  will  point  toward  the  north  pole 
of  the  heavens. 

The  same  hour  will  then  be  shown  in  scve» 
ral  of  the  hollows,  by  the  ends  of  the  shadows 
of  their  respective  stiles.  The  axis  of  the 
globe  will  cast  a  shadow  on  the  same  hour  of 
the  day,  in  the  equinoctial  dial,  in  the  centre  of 
which  it  is  placed,  from  tlie  20th  of  March  to 
the  33d  of  September ;  and,  if  the  meridian  of 
your  place  on  the  globe  be  set  even  with  the 
meridian- stile,  all  the  parts  of  the  globe  that 
the  sun  shines  upon,  will  answer  to  those  pla.- 
ces  of  the  real  earth  which  are  then  enlighten* 
cd  by  the  sun.  The  places  where  the  shade 
is  just  coming  upon  the  globe,  answer  to  all 
those  places  of  the  earth  to  which  the  sun  is  then 
setting;  as  the  places  where  it  is  going  oflF, 
and  the  light  coming  on,  answer  to  all  those 
places  of  the  earth  wliere  the  sun  is  then  risr 
ing.  And,  lastly,  if  the  hour  of  VI  be  marked 
on  tlie  equator  in  the  meridian  of  your  place, 
(as  it  is  marked  on  the  meridian  of  London  in 
the  figure)  the  division  of  the  light  and  shade 
on  the  globe  will  show  the  time  of  the  day. 

The  northern  stile  of  the  dial  (opposite  to  the 
southern  or  meridian  one)  is  hid  from  sight  in 
the  figure,  by  the  axis  of  the  globe.  The  hours 
in  the  hollow  to  which  that  stile  belongs,  are 
■  also  supposed  to  be  liid  by  the  oblique  view  of 
the  figure  ;  but  they  are  the  same  as  the  hours 
in  the  front  hollow.  Those  also  in  the  right 
and  left  hand  semicircular  hollows  are  mostly 
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hid  from  sight ;  and  so  also  are  all  those  on  ^ vxvi 
the  sides  next  tlie  eye  of  the  four  acute  angles. 

The  construction  of  this  dial  is  as  follows. 
See  Plate  XXXVL 

On  a  thick  square  piece  of  wood,  or  metal, 
draw  the  lines  ac  and  bd^  as  far  from  each  other 
as  you  intend  for  the  thickness  of  the  stile  ahcdy 
and,  in  the  same  manner,  draw  the  like  thick- 
ness of  the  other  three  stiles,  efgli^  ikim^  and 
noyq^  all  standing  outright  as  from  the  centre. 

With  any  convenient  opening  of  the  com- 
passes, as  cul^  (so  as  to  leave  proper  strength 
of  stuff  when  Jt7  is  equal  to  aJlJ  set  one  foot 
in  a,  as  a  centre,  and  with  the  otiier  foot  de- 
scribe  the  quadrantal  arc  Jlc.  Then,  without 
altering  the  compasses,  set  one  foot  in  &,  as  a 
centre,  and  with  the  other  foot  describe  the 
quadrant  dli.  All  the  other  quadrants  in  the 
figure  must  be  described  in  the  same  manner, 
and  with  the  same  opening  of  the  compasses, 
on  their  centres  ef;  ik;  and  no:  and  each  quad- 
rant divided  into  six  equal  parts,  for  so  many 
hours,  as  in  the  figure;  each  of  wiiich  parts 
must  be  subdivided  into  four,  for  the  half-hours 
and  quarters. 

At  equal  distances  from  each  corner,  draw 
the  right  lines  Ip  and  Kp^  Lq  and  Mq^  ^i\rr 
and  Or,  Ps  and  Qs ,-  to  form  the  four  angular 
hollows  IpICy  LqMy  FrO^  and  Ps(l:  making 
the  distances  between  the  tips  of  the  hollows, 
as  IJty  LnHIf  JSTOy  and  PQ,  eacli  equal  to  the 
radius  of  the  quadrants;  and  leaving  sufficient 
room  between  the  angular  points,  p.  q,  r,  and  s^ 
for  the  equinoctial  circle  in  the  middle. 

To  divide  the  insides  of  these  angles  pro- 
perly for  tbe  hour-spaces  thereon,  take  the  fol- 
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lowing  luclhod  : — Set  one  foot  of  the  compas* 
8es  in  the  point  /•  as  a  centre ;  and  open  the 
^  other  to  /t,  and  with  that  opening  describe  the 

arc  Itt :  then,  w  ithout  altering  the  compasses, 
set  one  foot  in/t,  and  with  the  other  foot  describe 
the  arc  It.  Divide  each  of  these  arcs,  from  I 
and  K  to  their  interfsection  at  tj  into  four  equal 
parts;  and  from  their  centres  I  and  K^  through 
the  points  of  division^  draw  the  right  lines  J 3, 
I  %  I  :\  I  6,  /  7 ;  and  It  3,  K  1,  K  IS, 
Jh  11:  and  they  will  meet  the  sides  Kp  and 
Ip  of  tiie  angle  Ipli\  where  tlie  liours  thereon 
must  be  placed.  And  these  hour- spaces  in 
the  jircs  must  be  subdivided  into  four  equal 
parts,  for  the  half-hours  and  quarters.  Do 
the  like  for  the  other  three  angles,  and  draw 
the  dotted  lines  :  also  set  the  houi^s  in  the  in* 
sides,  where  those  lines  meet  them,  as  in  the 
figure ;  and  the  like  hour-lines  will  bo  paral- 
lel to  each  other  in  all  the  quadrants  and  in 
the  angles. 

Mark  points  for  all  these  hours,  on  the  up- 
per side,  and  rut  out  all  the  angular  hollows, 
and  the  quadrantal  ones,  quite  through  the 
places  where  their  four  gnomons  must  stand ; 
and  lay  down  the  liours  on  their  insides,  as  in 
Plate  XXXVI,  and  then  set  in  their  four 
gnomons,  which  must  be  as  broad  as  the  dial 
is  thick ;  and  this  breadth  and  thickness  must 
be  large  enough  to  keep  the  shadows  of  the 
gnomons  from  ever  falling  quite  out  at  the 
sides  of  the  hollows,  even  when  the  sunn's  de- 
clination is  at  the  greatest. 

Lastly,  draw  the  e(|uinoctial  dial  in  the  mid- 
dle, all  the  hours  of  which  are  equidistant  from 
each  other,  and  the  dial  will  be  finished: 
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As  the'  sun  goes  rounds  the  broad  end  of 
the  shadow  of  the  stile  abed  will  show  the 
hours  in  the  quadrant  Jic^  from  sun-rise  till  VI 
in  the  morning ;  the  shadow  from  the  end  JH 
will  show  the  hours  on  the  side  Lq,  from  V  to 
IX  in  the  morning ;  the  shadow  of  the  stile 
efgh  in  the  quadrant  J)g  (in  the  long  days) 
will. show  the  hours  from  sun-rise  till  VI  in 
the  morning;  and  the  shadow  of  the  end  JV* 
will  show  the  morning  hours^  on  the  side  Or, 
from  III  to  VII. 

Just  as  the  shadow  of  the  northern  stile  abed 
goes  oif  the  quadrant  .Ic^  the  shadow  of  the 
soatbern  stile  iMvi  begins  to  fall  within  the 
quadrant  Fl^  at  VI  in  the  morning;  and  shows 
Uie  time^  in  that  quadrant,  from  VI  till  XII  at 
noon ;  and  from  noon  to  VI  in  the  evening  in 
the  quadrant  mE*  And  the  siiadow  of  the 
end  O  shows  the  time  from  XI  in  the  forenoon 
till  III  in  the  afternoon,  on  the  side  rJ^T:  a9 
the  shadow  of  the  end  P  shows  the  time  from 
IX  in  the  morning  till  I  o'clock  in  the  after- 
noon, on  tlie  sides  Qs. 

At  noon,  when  the  shadow  of  the  eastern 
stile  efgh  goes  off  the  quadrant  hC  (in  which 
it  showed  the  time  from  VI  in  tlie  morning  till 
noon)  as  it  did  in  the  quadrant  gD  from  sun- 
rise till  VI  in  the  morning,  the  shadow  of  the 
western  stile  nopq  begins  to  enter  the  quadrant 
Bp ;  and  shows  the  hours  thereon  from  XII 
ii  noon  till  VI  in  the  evening ;  and  after  that 
till  sun-set,  in  the  quadrant  qG  ;  and  the  end 
Q  casts  a  shadow  on  the  side  Ps  from  V  in  the 
evening  till  IX  at  night,  if  the  sun  be  not  set 
before  that  time. 

VOL.  IT,  T 
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The  shadow  of  the  end  I  shows  the  time  on 
the  side  ICp  from  III  till  VII  in  the  after- 
noon ;  and  the  shadow  of  the  stile  abed  shows 
the  time  from  YI  in  the  evening  till  the  sun 
sets. 

The  shadow  of  the  upright  central  wire, 
that  supports  the  globe  at  top,  shows  the  time 
of  the  day,  in  the  middle  or  equinoctial  dial^ 
all  the  summer  half  year,  when  the  sun  is  on 
the  north  side  of  the  equator. 

In  the  Supplement  to  my  Book  of  Lectures, 
all  the  machines  that  I  have  added  to  my  ap- 
paratus, since  that  book  was  printed,  are  de- 
scribed, excepting  two;  one  of  which  is  a  mo- 
del of  a  mill  for  sawing  timber,  and  tlie  other 
is  a  model  of  the  gi*cat  engine  at  London- 
bridge,  for  raising  water.  And  my  reasons 
for  leaving  them  out  are  the  following. 

First,  I  found  it  impossible  to  make  such  a 
drawing  of  the  saw-mill  as  could  be  under- 
stood ;  because,  in  whatever  view  it  be  taken^ 
a  great  many  parts  of  it  hide  others  from 
sight.  And,  in  order  to  shew  it  in  my  lec- 
tures, I  am  obliged  to  turn  it  into  all  manner 
of  positions.* 

•  For  the  plan  and  elevation  of  a  saw-mill,  see  Gray's  Experi- 
enced MiU-wright,  lately  published,  p.  68.  For  ihe  mcthcKl  of 
constructing^ .one,  see  Wolhii  Opera  Muthcmatica,  torn.  i.  p,  694, 
and  Boecklerus's  Thcatrum  Mkchinarum.  An  excellent  saw- 
mill was  invented  by  Mr.  James  Stanficld,  in  the  year  1765,  for 
which  he  received  a  reward  of  one  hundred  pounds  from  ihc  So- 
ciety for  the  encouragement  of  arts.  The  original  mill  which 
Mr.  Stanficld  const  ruclcd,  was  worked  for  fi\*e  successive  years, 
in  consequence  of  succcsivc  premiums  offered  and  paid  by  tlie 
society,  amountmg*,  in  all,  to  two  hundred  and  twenty  pounds. 
A  description  of  tliis  marhinc,  illustrated  by  five  fulio  plates,  wiU 
be  found  in  Bailey' §  Drsiifnn  of  ^TachineB^  &c.  approved  and  adopt- 
ed hv  the  iociety  for  the  encouragement  of  arts,  vol.  1.  p.  137. — 
E.  Ed. 
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Secondly,  because  any  person  who  looks  on 
Fig.  1.  of  Plate  XII,  in  the  book,  and  reads 
the  account  of  it  in  the  Yth  lecture  therein, 
will  be  alile  to  form  a  very  good  idea  of  the 
London-bridge  engine,  which  has  only  two 
wheels  and  two  trundles  more  than  there  are  in 
Mr.  Aldersea's  engine,  from  which  the  said 
figure  was  taken. 
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LECTURES  ON  MECHANICS,  &?c. 


UECHANICS, 

On  the  construction  of  undershot  water-wheels 
for  turning  machinery. 

ALTHOUGH  no  country  has  been  more 
distinguished  than  this,  by  its  discoveries  and 
improvements  in  the  mathematical  sciences,  yet 
nowhere  have  these  improvements  less  efiectu^ 
ally  contributed  to  the  advancement  of  the  me. 
ehanical  arts.  The  discoveries  of  our  philo* 
wpherSy  particularly  in  the  construction  of  ma« 
ehmery,  have  been  locked  up  in  the  recesses 
of  algebraical  formulse ;  and  one  would  have 
hnagined,  that  they  deemed  it  beneath  their 
ifignity  to  level  their  spei*ulatio48  to  the  capa- 
city of  common  artists,  Ou  this  account,  the 
mill- Wrights  of  this  country  are  still  guided  by 
their  own  prejudices  ;  and,  if  they  are  furnish- 
6d  with  some  useful  hiius  and  maxims  by  the 
lew  practical  treatises  wliich  arc  to  be  met 
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xxxvn  ^'^^-^9  *'*^y  "®  ^®^*  inthe  dark,  to  be  directed 
by  their  own  judgment^  in  the  most  important 
parts  of  the  construction.  In  the  preceding 
lectures,  Mr.  Ferguson  has  given  some  useful 
dii*ections  for  the  construction  of  corn-mills  ; 
but  as  these  are  too  limited  to  be  of  extensive 
utility,  we  shall  endeavour  to  supply  this  de* 
fect,  by  treating  at  considerable  length  upon 
this  important  subject.  Let  us  begin,  then,  by 
showing  the  method  of  constructing  the  mill- 
course,  and  delivering  the  water  on  the  wheel. 

On  the  construction  of  the  milhcourse. 

As  it  is  of  the  highest  importance  to  have  the 
•  height  of  the  fall  as  great  as  possible,  the  bot- 
tom of  the  canal,  or  dam,  which  conducts  the 
water  from  the  river,  should  have  a  very  small 
declivity  ;  for  the  height  of  the  water-fall  will 
diminish  in  proportion  as  the  declivity  of  the 
canal  is  increased.  On  this  account,  it  will  be 
Fi(.  1.  sufficient  to  make  •IB  (Fig.  1.)  slope  about  one 
inch  in  SOO  yards,  taking  care  to  make  the  de- 
clivity about  half  an  inch  for  the  first  48  yards, 
in  order  that  the  water  may  have  a  velocity 
sufficient  to  prevent  it  from  flowing  back  into 
the  river.  The  inclination  of  the  fall,  repre- 
sented by  the  angle  GCR,  should  be  S5^  90' ; 
or  CJ2,  the  radius,  should  be  to  GR  the  tan- 
gent of  this  angle^  as  100  to  48,  or  as  S5  to  IS  ; 
and  since  the  surface  of  the  water  Sb  is  bent 
from  aby  into  ac,  before  it  is  precipitated  down 
the  fall,  it  will  be  necessary  to  incurvate  the 
upper  part  BCD  of  the  course  into  BDy  that 
the  water  at  the  bottom  may  move  parallel  to 
the  water  at  the  top  of  the  stream.  For  this 
purpose,  take  the  points  JB,  1>,  about  13  inches 
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distant  from  Cj  and  raise  the  perpendiculars 
JBEy  BE :  the  point  of  intersection  E  will  be 
the  centre  from  which  the  arch  JfD  is  to  be 
described;  the  radius  being  about  10|  inches. 
Now,  in  order  that  the  water  may  act  more  ad- 
vantageously upon  the  floatboards  of  the  wheel 
WWy  it  must  assume  a  horizontal  direction 
HKj  with  the  same  velocity  which  it  would 
bave  acquired  when  it  came  to  the  point  G ; 
but,  in  passing  from  C  to  6r,  the  water  will 
dash  upon  the  horizontal  part  HG^^  and  thus 
lose  a  great  part  of  its  velocity,  it  will  be  pro- 
per, therefore,  to  make  it  move  along  FH  an 
arch  of  a  circle  to  which  DF  and  KH  are  tanr. 
gents  in  the  points  JP  and  H.   For  this  purpose 
make  GF  and  GU  each  equal  to  3  feet,  and 
raise  the  perpendiculars  ///,  JP/,  which  will 
intersect  one  another  in  the  point  /,  distant 
about  4  feet  9  inches  and  4  tenths  from  the 
points  F^  and  jff,  and  the  centre  of  the  arch 
FH  will  be  determined.    The  distance  HKj 
through  which  the  water  runs  before  it  acts 
upon  the  wheel,  should  not  be  less  than  2  or  3 
ieety  in  order  that  the  different  portions  of  the 
fluid  may  have  obtained  a  horizontal  direction : 
and  if  UK  be  much  larger,  the  velocity  of  the 
stream  would  be  diminished  by  its  friction  on 
the  bottom  of  the  course.     That  no  water  may 
escape  between  the  bottom  of  the  course  KHf 
and  the  extremities  of  the  floatboar€s,   KL 
dKmld  be  about  3  inches,  and  the  extremity  o 
«f  the  floatboard  no  should  be  beneath  the  line 
BSUCf  sujEBcient  room  being  left  between  o  and 
JIf  for  the  play  of  the  wheel ;  or  ELM  may  be 
farmed  into  the  arch  of  a  circle  KMy  concen- 
trie  with  the  wheel.    The  line  LMV,  called 
If  M,  Fabre^  the  course  of  impulsion^  fie 
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coursier  d^impulsionj  should  be  prolonged^  so 
as  to  support  the  water  as  long  as  it  can  act 
upon  t]ie  floatboards^  and  should  be  about  9 
inches  distant  from  OP,  a  horizontal  line  pas- 
suig  through  O,  the  lowest  point  of  the  fall ; 
for  if  OL  w  cut  much  less  than  9  inches^  the 
water,  having  spent  the  greater  part  of  its  force 
in  impelling  the  floatboards^  would  accumulate 
below  the  wlieel  and  retard  its  motion.     For 
the  same  reason,  another  course,  which  is  call* 
cd  by  AL  Fabre,  the  course  of  discharge,  fie 
coursicr  de  dechargej   should   be  connected 
with  LwMV,  by  the  curve  F«A^,  to  preserve  the 
femainiiig  velocity  of  the  water^  which  would 
otherwise  be  destroyed  by  falling  perpendlca* 
larly  from  V  to  •'V*.     The  course  of  discharge 
is  represented  by  VZ,  sloping  from  the  point 
O.    It  should  be  about  16  yards  long,  having 
an  inch  of  declivity  in  every  two  yards.     The 
canal  whicli   reconducts   the  water  from   the 
course  of  discharge  to  the  river,  should  slope 
about  4  inches  in  the  first  SOO  yards,  3  inches 
in  the  second  SOO  yards,  decreasing  gradually 
till  it  terminates  in  the  river.     13ut  if  the  river 
to  which  the  water  is  conveyed,  should,  when 
swoln  by  the  rains,  force  the  water  back  upon 
the  wheel,  the  canal  must  have  a  greater  de- 
clivity, in  order  to  prevent  this  from  taking 
place.     Hence,  it  will  be  evident,  that  very 
accurat^>  levelling  is  necessary  for  the  proper 
formatioii  of  the  mill-course. 

In  order  to  find  the  breadth  of  the  course  of 
discharge,  multiply  the  quantity  of  water  ex- 
pended in  a  second,^  measured  in  cubic  feef^  j 

•  The  quantity  of  water  rxixMided  in  a  second  may  be  found 
pretty  accurately  by  measuring  the  depth  of  the  water  at  a,  (.f  J9, 
the  bottom  of  the  canal«  being  nearly  horizontal^  and  its  aidc< 

f 
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by  684,  for  a  first  number.  Multiply  the 
square  root  of  dKj  fdlC  being  found  by  sub- 
tracting OKj  or  PJlf  eacli  equal  to  a  foot,  from 
do.  or  bit,  the  height  of  the  fall)  by  Ji,  or  | 
of  a  foot^  and  also  by  1000^  and  the  product 
will  be  a  second  number.  Divide  the  first 
number  by  the  second,  «ind  the  quotient  will 
be  nearly  the  last  breadth  of  the  course  of  dis- 
charge. If  the  breadth  of  the  course^  thus 
found,  should  be  too  great  or  too  small,  the 
point  L  has  been  placed  too  far  from  O,  or  too 
'  near  it.  Increase,  therefore,  or  diminish  OLf 
and  having  subtracted  from  rf(/,  or  ftP,  the 
quantity  by  which  fi/t  is  greater  or  less  than 
a  foot,  repeat  the  operation  with  this  new  va- 
lue of  dit,  and  a  more  convenient  answer  will 
be  found.  The  preceding  rule  will  give  too 
great  a  breadth  to  the  course,  when  the  ex- 
pense of  water  is  great,  and  the  height  of  the 
fall  inconsideral)lc.  But  the  course  of  dis- 
charge should  always  have  a  very  considera- 
ble breadth,  and  greater  than  that  of  the  course 
of  impulsion,  that  the  water,  having  room  to 
spread^  may  have  less  depth ;  and  thus  pro- 
cure a  gi'eater  height  to  the  fall,  by  making 
OLf  and  consequently  OJi)  as  small  as  possi- 
bfe ;  for  the  breadth  of  the  course  is  inversely 
as  OL,  that  is,  it  increases  as  OL  diminishes^ 
and  diminishes  as  it  increases.  The  reader 
nay  suppose  that  this  rule  still  leaves  us  to 

ferpcndictilar,)  and  (lie  breadth  of  the  Cinal  at  the  sanic  plan*. 
Take  the  cube  of  ihe  depth  of  tlie  \vitt«T  in  feet,  and  extract  the 
iquare  root  of  it.  Miihiplr  this  r«)ot  hy  th^  breadth  of  the.  c-x- 
VMg  and  also  \yy  488.  Divide  tiie  pnuluct  by  lO'jy  hml  the  qit'.'- 
tient  win  be  Hit  expense  of  water  iii  u  si-coifi.  i.'.cvsurf  d  \u  ti.**  .•* 
t. 
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Plate      guess  at  tlic  brcadth  of  the  course  of  discharge ; 

xxxvn.  i^yj^  f^.^y^  ^Yie  purposes  for  M'hich  it  is  used,  it 
is  easy  to  know  when  it  is  excessively  large  or 
small ;  and  it  is  only  when  this  is  the  case^ 
that  we  have  any  occasion  to  seek  for  another 
breadth,  by  taking  a  new  value  of  OL. 

The  section  of  the  fluid  at  K  should  be  rect- 
angular, tlic  breadth  of  the  stream  having  a  de- 
terminate relation  to  its  depth.  If  there  be  ve- 
ry much  water,  tiie  brcadtli  should  be  triple  the 
depth  ;  if  there  be  a  moderate  quantity,  the 
breadth  should  be  doulde  tJie  depth ;  and^  if 
there  be  very  little  water,  tlie  breadth  and  depth 
should  be  equal.  That  this  relation  may  be 
preserved,  the  course  at  the  point  R'  must 
have  a  certain  brcadth,  M'hich  may  be  thus 
found  : — Divide  tlie  square-root  of  rfJT,  (found 
as  before)  by  the  quantity  of  water  expended 
in  a  second,  and  extract  the  square-root  of  the 
quotient.  Multiply  this  root  by  .640,  when 
the  breadth  is  to  be  triple  the  depth ;  by  .5S3^ 
wlicn  it  is  to  be  double ;  and  by  .37,  ifrhen 
equal,  and  the  product  will  be  the  breadth  of 
the  course  at  K.  The  depth  of  the  water  at  K 
is  therefore  known,  being  either  one  third  or 
one  half  of  the  breadth  of  the  course,  or  equal 
to  it,  according  to  the  quantity  of  the  water 
furnished  by  the  stream. 

In  Fig.  i.  bP  is  called  the  absolute  fatty 
which  is  found  by  levelling.  Draw  the  hori- 
zontal lines  Arf,  FO  ;  d()\\\\\  thus  be  equal  to 
5P,  and  will  likewise  be  the  absolute  fall. — 
The  relative  fall  is  the  distance  of  the  point  d 
from  the  surface  of  the  water  at  JT,  when  the 
depth  of  the  water  is  considerably  less  than 
dlCy  but  is  reckoned  from  the  middle  of  the 
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water  at  JT,  when  dK  is  very  small.*  The  re- 
lative fall^  therefore^  may  be  determined  by 
subtracting  OIi\  which  is  generally  a  foot  from 
the  absolute  fall  dO,  and  by  subtracting  also 
either  the  whole^  or  one  half  of  the  natural 
depth  of  the  water  at  JC,  according  as  dli'  is 
great  or  small  in  proportion  to  this  deptli. 

The  next  thing  to  be  determined  is,  the 
breadth  of  the  course  at  the  top  of  the  fall  JB^ 
and  the  breadth  of  the  canal  at  the  same  place. 
To  find  this^  multiply  the  quantity  of  water  ex- 
pended in  a  second  by  100,  for  a  first  number; 
take  such  a  quantity  as  you  would  wish,  for 
ihe  depth  of  the  water,  and,  having  cubed  It^ 
extract  its  square  root,  and  multiply  tliis  root 
by  488^  for  a  second  number ;  divide  the  first 
number  by  the  second,  and  the  quotient  will 
be  the  breadth  required.  The  breadth,  thus 
found^  may  be  too  great  or  too  small  in  relation 
to  the  depth.  If  this  be  the  case,  take  one  half 
of  the  breadth,  thus  founds  and  add  to  it  the 
number  taken  for  the  depth  of  the  water ;  the 
sum  will  be  the  trae  depth,  with  which  the  op-  « 

eration  is  to  be  repeated^  and  the  new  result 
will  be  better  proportioned  than  the  first. 

The  mill-course  being  thus  constructed,  we 
may  now  find  more  exactly  the  quantity  of  wa- 
ter furnished  in  a  second.  For  this  puii)ose, 
subtract  one  half  the  depth  of  the  water  at  R* 
from  dKf  and,  having  multiplied  the  remainder 
by  .5333^  extract  the  square  root  of  the  pro- 

•  The  depth  of  the  water,  here  alUidcd  to.  is  its  naliirM  depth, 
or  that  which  it  would  have  if  it  did  not  meet  tlic  float -boards. 
The  effective  depth  is  generally  two  and  a  half  times  the  natu- 
fml  depth,  and  is  occasioned  by  the  impulse  of  the  water  on  :hu 
float-boards,  which  forces  it  to  sw<.'ll,  and  inert .ifies  its  uction 
spon  the  float-board». 
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XXXVII  ^^^^'  Multiply  this  root  by  the  breadth  of  the 
course  at  IC  multiplied  into  the  depth  of  the 
water  theric,*  and  the  result  will  be  the  true 
expense  of  the  source  in  cubic  feet. 

In  order  to  know  whether  the  water  will  have 
sufficient  force  to  move  the  least  millstone  which 
should  be  employed,  namely,  a  millstone  weigh- 
ing, along  M'ith   its   axle  and   trundle,  1330 

.,^ pounds  avoirdupois,  take  the  relative  fall  in- 

-- creased  by  one  half  the  natural  depth  of  the 

rig.  1.  water  at  Ii\  viz.  dli)  and  multiply  it  by  the 
expense  of  the  source  in  cubic  feet ;  if  the  pro- 
duct be  30.;12,  or  above  it^  the  machine  will 
move  without  interruption.  If  the  product  be 
less  than  this  number,  the  weight  of  the  mill- 
stone then  ought  to  be  less  than  1550  pounds, 
and  tlie  meal  will  not  be  ground  sufRciently 
fine ;  for  the  resistance  of  the  grain  will  bear 
up  the  millstone,  and  allow  the  meal  to  escape 
-  before  it  is  completely  ground. 

As  it  is  of  great  consequence  that  none  of 
the  water  should  escape,  either  below  the  iloat- 
•^  boards,  or  at  their  sides,  without  contributing 
to  turn  the  wheels  the  course  of  impulsion  KV, 
should  be  wider  than  the  course  at  ICy  as  re- 
presented in  Fig.  2.  where  Ci>,  the  course  of 
impulsion,  corresponds  with  XF,  in  Fig.  1. 
JtB  corresponds  with  HEL\  and  BC  with  KL. 
The  breadth  of  the  floatboards,  therefore, 
should  be  wider  than  twh,  and  their  extremi- 
ties should  reach  a  little  below  J?,  like  no  in 
Fig.  1.  When  this  precaution  is  taken,  no 
water  can  escape,  without  exerting  its  force 
upon  the  floatboards. 


a\,K. 


That  is,  by  the  are*  of  the  rectangular  section  of  tlie  stream 
^1 
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On  the  size  of  the  water-wheel,  and  on  the 
number^  magnitude^  and  position^  of  its 
ftoatboards. 

The  diameter  of  the  wheel  should  be  as  great  J"^*" 
as  possible^  unless  some  particular  circumstan- 
ces in  the  construction  prevent  it,  but  ought 
never  to  be  less  than  seven  times  the  natural 
depth  of  the  stream  at  K\  the  bottom  of  the 
course.*  It  has  been  much  disputed  among 
philosophers,  whether  the  wheel  should  be  fur« 
nished  with  a  small  or  a  great  number  of  float- 
boards.  M.  Fitot  has  sliown,  tiiat  when  the 
floatboards  have  difterent  degrees  of  obliquity, 
the  force  of  impulsion  upon  the  different  sur-  • 
faces  will  be  reciprocally  as  their  breadth: 
thus,  in  Fig.  3.  the  force  upon  he  will  be  to  the^>ff*3- 
force  uponZ)(/,  as  1)0  to  he.\  He,  therefore, 
concludes,  that  the  distance  between  the  float*, 
boards  should  be  equal  to  one  half  of  the  arch 
plunged  in  the  stream ;  or  tliat,  when  one  is  at 
the  bottom  of  the 'wheel,  and  perpendicular  to 
tbe  current,  as  DEj  the  preceding  floatboard 
J3C  should  be  leaving  the  stream,  and  the  suc- 
ceeding one  FG  just  entering  into  it.J  For  if, 
when  the  three  iloatboard  ¥G^  DE^  BCy  have 
the  same  position  as  in  the  figure,  the  wttolq^ 


•  The  diameter  here  meant  is  double  the  mean  ratKut^  or  the 
distance  between  ihc  ^'en»rc  oftlie  vvhi-c*l  and  the  middle  of  the 
natdrul  stream,  which  irupi-ls  it,  or  wl>ut  is  called  the  centre  of 
imp  ills  ion.  By  ad«'liii{;  oi*  Kiibir:iciin<^  the  halt' of  the  strcam*s  na- 
tural depth,  loor  from  the  mean  radius,  wc  have  the  exterior  vad 
inienor  radius  of  the  v-iu  1 1. 

f  See  Truiv.  de  rHydro.lynamiqi.e,  No.  771. 

t  Mcmoires  de  i* Academic  Uoyale  dc  Sciences  1729,  8vo.  p. 
359.  0 
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force  of  the  current  J^TM  will  act  upon  DEy 
having  the  most  advantageous  position  for  re- 
ceiving  it:  whereas^  if  another  floatboard^ 
were  inserted  between  FG  and  BE,  the  part 
ig  would  cover  DO^  and,  by  thus  substituting 
an  oblique  for  a  perpendicular  surface,  the  ef- 
fect would  be  diminished  in  the  proportion  of 
DO  io  ig.  Upon  this  construction  it  is  evi- 
dent, that  the  depth  of  the  floatboard  DE 
should  always  be  equal  to  the  versed-sine  of 
the  arch  between  any  two  floatboards,  DE  be- 
ing the  versed-sine  of  EG.  For  the  use  of 
those  who  may  wisli  to  follow  M.  Pitot,  though 
we  are  of  opinion  that  he  recommends  too 
small  a  number  of  floats,  we  have  upon  the 
above  principles,  calculated  the  following  ta- 
*  ble^  which  exhibits  the  proper  diameter  of 
water-wheels,  the  number  of  floatboards  they 
should  contain,  and  the  size  of  the  floatboards^ 
any  two  of  these  quantities  being  given.  Ac- 
cording to  M.  Pitot^  the  proper  relation  be- 
tween  these  is  of  so  great  importance,  that  if  a 
water-wheel,  16  feet  diameter,  with  its  float- 
boards  3  feet  deep,  should  have  nine  instead 
of  seven,  one-twelfth  of  the  whole  force  pf  im- 
pulsion would  be  lost.^ 

^lOesaguliera  has  adopted  the  rule  giveD  by  Pitot.  See  his  Ex- 
periiftental  PhUosophy,  v.  2,  p.  424. 
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TABLE, 

Of  the  number  of  floatboaris  to  undershot 

wheels. 


Depth  of  the  floatboards 

in  feet 

DIa 

in 

1 

10 

1.5 

S 

S.5 

3 

3.5 

4 

10 

8 

7 

6 

5 

5 

5 

11 

10 

8 

7 

6 

5 

5 

6 

IS 

11 

9 

8 

7 

6 

6 

5 

13 

11 

9 

8 

7 

6 

6 

5 

14 

12 

9 

8 

7 

7 

6 

6 

15 

IS 

9 

8 

7 

7 

6 

6 

16 

IS 

10 

9 

8 

7 

7 

6 

17 

IS 

10 

9 

8 

7 

7 

6 

18 

13 

11 

9 

8 

8 

7 

6 

19 

13 

11 

10 

9 

8 

7 

7 

20 

14, 

11. 

10 

9 

8 

7 

7 

21 

14 

IS- 

10 

9 

8 

7 

7 

SS 

15 

IS 

10 

9 

8 

8 

7 

S3 

15 

IS 

10 

9 

8 

8 

7 

S4< 

15 

IS 

11 

10 

9 

8 

8 

S5 

16 

13!  11 

10 

9 

8 

8 

36 

16 

13 

11 

10 

9 

8 

8 

27 

16 

13 

11 

10 

9 

8 

8 

28 

17 

13  lis 

10 

9 

9 

8 

29 

17 

14 

12 

11 

10 

9 

8 

30 

17 

14 

IS 

11 

10 

9 

9 

32 

18 

14 

IS 

11 

10 

9 

9 
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Platk  ,  In  orcfcr  to  find  from  the  precedins;  tabic  tlie 
iAA>  ii.  jjuu^fjer  of  floatboards  for  a  wheel  20  feet  in  dia* 
meter,  (the  diameter  of  the  wheel  beinp;  reckon- 
ed from  the  extremity  of  the  floatboards)  tlieir 
depth  being  two  feet ; — enter  the  left  hand  co- 
lumn with  the  number  SO,  and  the  top  of  the 
table  with  the  number  2,  and  in  a  line  witli  these 
numbers  will  be  found  10,  the  number  of  float- 
boards  which  such  a  Avheel  would  require. 

As  the  numbers  representing  the  depths  of  the 
floatboards^  and  the  diameter  of  the  wheel,  in- 
crease more  rapidly  than  the  numbers  in  the 
other  columns,  the  preceding  table  will  not  shew 
us  with  accuracy  the  diameter  of  the  wheel 
when  the  numlier  and  depth  of  the  floatboardsi 
are  given ;  10  floatboards,  for  example,  2  feet 
deep,  answering  to  a  wlieel  either  19,  50,  21, 
22,  or  2S  feet  diameter.  This  defect,  liowever; 
may  l)e  su])plied  by  the  following  method. — Di- 
vide 360  dejjrrees  I)v  the  number  of  floatboards. 
and  the  cjuotient  will  be  the  arch  between  each- 
Find  the  natural  versed-sine  of  this  arch,  and 
say,  as  1000  is  to  this  versed-sine,  so  is  the 
wheel's  radius  to  the  depth  of  the  float])oards  ; 
and  to  And  the  diameter  of  the  wheel,  say,  aa 
the  above  versed-sine  is  to  1000,  so  is  the 
deptli  of  the  floatboards  to  the  wheePs  radius- 
We  have  already  said,  that  the  number  oC 
floatboards  found  by  the  preceding  table  is  too 
small.  Let  us  attend  to  this  point,  as  it  is  of 
considerable  importance.  It  is  evident  from. 
riff.  3.  Fig.  )J,  that  when  one  of  the  floats,  as  UE,  is 
perpendicular  to  the  slream,  it  receives  the 
whole  impulse  of  the  water  in  the  most  advau- 
tageous  manner;  but  when  it  arrives  at  the  po- 
sition dc.  and  the  succeedina;  one  FG  into  the 
position  fgy  so  that  the  angle  c.%  may  be  bi- 


Mechanics.  153 

sectcd  by  the  perpendicular  AE^  they  will  have 
the  most  disadvanta,»;eous  situation ;  for  a  great 
part  of  the  water  will  escape  l)elow  the  extre- 
mities g  and  e^  of  the  iloatboards^  without  hav- 
ing any  eflect  upon  tlie  wlieel ;  and  the  J^^H^g 
of  the  iloatl)oard^  wliicli  is  really  impelled,  is 
less  than  DE,  and  oblique  to  tbe  current.  The 
wheel,  therefore,  must  move  irresrularlv,  some- 
times  quick,  and  sonielimes  slow,  according  to 
the  position  of  the  ll(»ats  with  respect  to  tha 
stream ;  and  this  ine(|ua1ity  will  increase  with 
the  ai'ch  plunged  in  the  water.  M.  Pitot  pro- 
ceeds upon  the  supposition,  that  if  another  float 
fe,  were  placed  between  FCr  and  UKy  it  would 
destroy  the  force  of  the  water  that  impels  it, 
and  cover  the  corresponding  part  DO  of  the 

5 receding  floatboard.  But  this  is  not  the  case. 
7he  water,  after  acting  upon/j^',  still  retains  a. 
part  of  its  motion,  and  bending  round  the  ex- 
tremity^,  strikes  i>l^  with  its  remaining  force. 
Considerable  advantage,  therefore,  must  lie 
gained  by  using  more  lloatboards  than  AI.  Pitot 
recommends.* 

M.  Bossutf  has  shown,  that  when  the  wheel 
has  au  uniform  velocity,  the  most  advantageous 
number  of  floats  is  determined ;  and  he  ob- 

•  In  Mr.  Smcaton's  experiments,  the  watcr-whecl,  which  was 
25  inches  in  diameter,  had  2-1  flo.as ;  and  lie  observes,  *  tliat,^ 

•  when  ihc  number  was  ^tduced  to  12,  it  caiiacd  a  diminution  of 

•  the  effect,  on  account  or  a  pfreater  quantity  of  water  escaping 

•  between  the  floats  and  the  floor  :  but  a  circular  sweep  beinpr  a- 

■  d^ted  thereto,  of  such  a  length,  that  one  float  entered  the 

•  coarse  before  the  preccdinic  one  quitted  it,  the  effect  came  so 

•  near  to  the  former,  as  not  to  j^ive  hopes  of  advancinjr  ii  l,y  in- 

■  creasing  the  number  of  floats  beyond  i24  in  this   particular 

•  wheel.'  Smeaton's  Experimental  enquiry,  p.  24  :  or,  l'l,il.  Tran-. 
1759.  V.  51. 

t  Traite  de  V  Hvdrodvnamique,  Rot(;s  g'»  chap,  s  -,  alvo  No. 
778. 
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'•'•^T*  serves,  that  when  the  velocity  of  the  stream  is 
^^^  thrice  tliat  of  the  wheel,  and  when  72  dcgices 
of  the  circumference  are  immersed,  the  number 
of  lloatboards  should  be  36.  When  a  greater 
ar|A|s  plunged  in  the  stream,  the  velocity  con- 
titfflng  the  same,  the  number  should  be  in- 
creased, and  vice  versa. 

This  rule,  however,  is  too  difficult  to  be  of 
use  to  the  practical  mechanic.  From  what  has 
been  said,  it  is  evident,  that  in  order  to  remove 
any  inequality  of  motion  in  the  wheel,  and  pre- 
vent the  water  from  escapinj;  beneath  the  tips 
of  the  floatboards,  the  wheel  should  be  fur- 
nished with  the  greatest  number  of  floatboards 
possible,  without  loading  it,  or  weakening  the 
rim  on  which  they  are  placed.*  Tliis  is  the 
rule  given  by  Mr.  Fabre^f  and  it  is  not  diffi- 
cult to  see,  that  if  the  millwright  should  err  in 
furnishing  the  wheel  with  too  many  floatboards^ 
the  error  will  be  perfectly  trifling,  and  that  he 
would  lose  much  more  by  erring  on  the  other 
side*  The  floatboards  should  not  be  rectangu- 
yig.  3.  lar,  like  abnc  in  Fig.  3.  but  should  be  levelled 
like  abmc.  For,  if  they  were  rectangular,  the 
extremity  hn  would  interrupt  a  portion  of  the 
water,  which  would  otherwise  fall  on  the  cor- 
responding part  of  the  preceding  floatboard. — 
The  angle  ahm  may  be  found  thus: — Subtract 
from  180°  tlie  number  of  dcCTees  contained  iu 
the  immersed  arch  CEG,  ami  the  half  of  the 
remainder  will  be  the  angle  required.    It  has 

•  Ifrisson  (Traile  Klemrnlaire  dc  Pliysiquc)  observes,  that 
thcru  should  be  48  floats  instead  of  40,  as  generally  used  in  a 
wheel  !20  leet  in  diameter. 

t  Siir  Ics  Machines  Hydrauliques,  p  55.  No.  103.  See  Traite 
dc  1*  Ilydrodynamiquc,  par  Bossut. 
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been  already  observed,  that  the  effective  depth  J^^**^^- 
of  the  water  at  A\  (Vig.  1.)  is  generally  tworig^i. 
and  a  half  times  greater  than  the  natural  depth. 
The  height  DE,  therefore,  of  the  floatboards^ 
should  be  two  and  a  half  times  the  natural 
depth  of  the  current  at  JC.  The  breadth  of 
the  floatboards  sliould  always  be  a  little  great. 
er  than  the  breadth  of  the  course  at  IC,  the  me- 
thod of  finding  which  has  been  already  point- 
ed out. 

M.  Pitot  has  shown,*  that  the  floatboards 
should  be  perpendicular  to  the  rim,  or,  in  other 
m^ords,  a  continuation  of  the  radius.  This,  in- 
deed,  is  true  in  theory,  but  it  appears  from  the 
most  unquestionable  experiments,  that  they 
should  be  inclined  to  the  radius.  This  was  dis- 
covered by  Deparcieux,  in  1/53,  (not  in  1759? 
as  Fabre  asserts)  who  shows,  that  the  water 
will  thus  heap  up  on  the  floatboards,  and  act^ 
not  only  by  its  impulse,  but  also  by  its  weight.t 
This  discovery  has  been  confirmed  also  by  the 
Abbe  Bossut,:{:  who  found,  that  when  the  velo- 
city of  the  water  is  about  ^^^  of  a  foot,  or  11  feet 
per  second,  the  inclination  of  the  floatboard  to 
the  radius  should  be  between  1 5  and  30  degrees. 
M.  Fabre,  however,  is  of  opinion,  that  when 
the  velocity  of  the  steam  is  11  feet  per  second^ 
or  above  this,  the  inclination  should  never  be 
less  than  30  degrees ;  that  when  this  veloci  y 
diminishes,  the  inclination  should  diminish  in 
proportion ;  and  that  when  it  is  four  feet,  or 
under^  the  inclination  should  be  nothing.     Tu 

•  Mem.  Acad.  Royale,  1^29,  8vo.  p.  350. 
-    t  Mem.  de  I'Acad.  1754, 4to.  p.  614,  8vo.  p.  944. 
^  Traits  dc  I'llydrodynamique,  Nos.  814  ami  31/. 
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^."T",  order  to  find  the  inclination  for  wheels  of  dif- 
i'igis.  ferent  radii,  let  ^.IM  (Fig.  3.)  be  the  radius, 
bisect  Plly  the  height  of  the  floatboard,  in  t, 
and  having  drawn  Fit  perpendicular  to  P*4, 
set  off  PK  equal  to  PL  and  join  UK;  HK 
will  be  the  position  of  the  floatboard  inclined 
to  the  radius  .III  bv  ihQ^  andc  HUP.  This 
construction  supposes  the  greatest  value  of  the 
angle  KUP  to  be  26  degrees  3Jt  minutes. 


On  the  formation  of  the  spur-icheel  and 

trundle. 

The  radius  of  the  spur-wheel  is  found  by 
multiplying  the  mean  radius  of  the  water-wheel 
Uy  that  of  the  lantern^  which  may  be  of  any 
size,  and  also  by  the  number  of  turns  which  the 
spindle  or  axis  of  the  lantern  performs  in  a  se- 
cond,* and  then  by  the  number  2.151.  This 
product  being  divided  by  the  square-root  of  the 
relative  fall,  the  quotient  will  be  the  radius 
required.  The  number  of  teetli  in  the  wheel 
fihould  be  to  the  number  of  staves  in  the  trun- 
dle as  their  respective  radii.  In  order  to  find 
the  exact  number,  take  the  proper  diameter  of 
the  teeth  and  the  staves,  w  hich  ought  to  be  two 
and  a  half  inches  each  in  common  machines, 
and  determine  also  how  much  is  to  be  allowed 
for  the  play  of  the  teeth,  which  should  be  about 
two  and  a  half  tenths  of  an  inch  ;  add  these  three 
numbers,  and  divide  by  this  sum,  the  mean  cir- 

•  The  iDoihoil  of  determining^  the  velocity  of  the  spindle  or 
the  millstone  will  be  afterwards  pointed  out.  The  axis  of  thtf 
Untern  should,  in  general,  make  about  90  turns  In  a  minute. 
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cumference  of  the  spur- wheel,*  the  qnotient  will 
be  nearly  the  number  of  teeth  in  the  wheel. — 
liet  us  call  this  quotient  x^  to  avoid  circumlo- 
cution. Multiply  X  by  the  mean  radius  of  the 
trundle,  and  divide  the  product  by  the  radius 
of  the  spur-wheel.  If  the  quotient  be  a  whole 
number,  it  will  be  the  exact  number  of  staves 
in  the  trundle,  and  x^  if  an  integer,  will  be  the 
exact  number  of  teeth  in  the  wheel.  But  should 
the  quotient  be  a  mixed  number,  diminish  the 
integer^  which  may  still  be  called  x,  by  the 
numbers  1,  S,  3,  &c.  successively,  and  at  eve- 
ry diminution  multiply  .r,  thus  diminished,  by 
the  radius  of  the  trundle,  and  divide  the  pro- 
duct by  the  radius  of  the  wheel.  If  any  of 
these  operations  give  a  quotient  without  a  re- 
mainder, this  quotient  will  be  the  number  of 
staves  in  the  trundle,  and  .r,  diminished  by  one 
or  more  units,  will  be  the  number  of  teeth  in 
the  wheel.  Thus  let  the  radius  of  the  trundle 
begone  foot,  that  of  the  wheel  four  feet,  the 
thickness  of  the  teeth  and  the  staves  2  and  a  half 
inches,  or  j^^%  of  a  foot,  and  the  space  for  the 
play  of  the  teeth  two  and  a  half  tenths  of  an 
inch,  or  ^^^ ;  the  sum  of  the  three  quantities 
fvill  be  -tVt  ot  tV  o*  ^  foot;  and  25  feet,  or 
*|*  of  a  foot,  the  circumference  of  the  wheel, 
divided  by  r^^  will  give  *4^*  or  ^7ii  feet.-^ 
Bfultiply  the  integer  x^  or  ;'?7  by  1,  the  radius 
of  the  lantern,  but  as  the  product  S)7  will  not 
divide  by  4,  the  radius  of  the  wheel,  let  us  di- 
minish Xf  or  d7j  by  unity,  and  the  remainder 
06  being  multiplied  by  1,  the  radius  of  the 
trundle,  and  divided  by  four,  the  radius  of  the 

*  The  mean  radius  is  reckoned  fit)!!!  the  centre  of  the  wtKcl 
to  the  centre  of  the  teeth. 
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wheel,  gives  14  ^vithout  a  remainder,  whicU 
will  therefore  be  the  number  of  staves,  while 
06,  or  o^,  diminished  by  unity,  is  the  number 
of  teeth  in  the  spur-wheel. 

Had  it  been  possible  to  make  the  number  of 
teeth  equal  to  57^7^  2^  inches  would  have  been 
the  proper  thickness  for  the  teeth  and  the 
staves  ;  but,  as  the  number  must  be  diminish* 
ed  to  66,  ttiere  will  be  ^n  intj^rval  left,  which 
must  l)e  distiibuted  among,  the  ..teeth  and 
staves,  so  that  a  small  additiQn  must  be  made 
to  each.  To  do  this,  divide  the  circumfereneQ 
of  the  wheel  *^*  of  a  foot  by  the  number  of 
teeth  56,  and,  from  the  quotient  ,Y^7  subtract 
the.  interval  for  the  play  of  the  teeth  -^^-^  or 

xiU^  th^  remainder  ^VA  ^^^^S  halved,  will 
give  ^^^-g^j^  of  a  foot,  or  2  inches  and  5.8  tenths 
for  the  thickness  of  every  tooth  and  stave,  ^^^ 
of  an  inch  being  added  to  each  tooth  and  stave 
to  fill  up  the  interval. 

It  may,  however,  sometimes  happen,  that, 
in  diminishing  x  successively  by  unity,  a  quo- 
tient will  never  be  found  without  a  remainder. 
When  this  is  the  case,  seek  out  the  mixed 
number  which  approaches  nearest  an  integer, 
and'  take  the  integer  to  which  it  approximates 
for  the  number  of  staves  in  the  lantern.  Thus, 
when  the  radius  of  the  wheel  is  4^*^  feet,  the 
different  quotients  obtained,  -  after  diminishing 
a:  by  1, 3, 3, 4,  will  be  ii^\%%,  iSJ^%\,  IS^VW 
l^AVvj  and  13f^VV-  The  nearest  of  these  to 
an  integer  is  iS^%%\^  being  only  ^^^^^  less  than 
44,  which  will  therefore  be  the  number  of 
staves  in  the  trundle.* 

•  See  Fabre  surlcs  Machines  Hydrauliqucs,  p.  304.  §  5i6 
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In  a  succeeding  article  on  the  teeth  of  wheels^  ^j^'te  xl 
we  have  shown  what  form  must  be  given  them^ 
in  order  to  produce  a  uniformity  of  action.-*-^ 
The  following  method^  however,  will  be  pretty- 
accurate  for  common  works.     Take  EB^  equal 
.to  the  radius  of  the  trundle,*  and  describe  the  Fig.  r. 
acting  part  B^A,  and  with  the  same  radius  de- 
scribe (W.    When  the  teeth  of  the  wheel  arc 
perpendicular  to  its  plane,  as  in  the  spur-wheels 
of  corn-mills,  we  must  bisect  CD  in  9i,  and 
drawing  mn  peri)eudicular  to  BJ)y  make  tho 
plane  BJICD  move  round  upon  mn  as  an  axis ; 
the  figure  thus  generated  like  ahcy  will  be  the  Vi^.  ^ 
proper  shape  for  the  teeth« 

The  pivots,  or  gudgeons^  on  which  verjjjical 
axes  move,  should  be  conical ;  and  those  which 
are  attached  to  horizontal  arbors,  sliould  be  cy- 
lindrical, and  as  small  and  short  as  possible. 
A  gudgeon  S  inches  in  diameter  will  support  a 
weight  of  3S3g  p^nds  avoirdupois,  though  we 
often  meet  with  gudgeons  3  or  4  inches  in  dia- 
meter^ when  the  weight  to  be  supported  is  con- 
siderably less.  By  attending  to  this,  the  fric- 
tion of  the  gudgeons  will  be  much  diminished^ 
and  the  machine  greatly  improved.  Particu- 
lar care,  too,  should  be  taken,  that  the  axis  of 
tlie  gudgeons  l>e  exactly  in  a  line  with  the  ax- 
is of  the  arbor  which  they  support,!  otherwise 
the  action  or  the  motion  of  the  wheels  whicii 
they  carry  will  be  aflected  with  periodical  in- 
equalities. 

•  The  staves  of  the  trundle  should  be  as  short  as  possible. 

\  The  diameter  of  the  giidgeon  must  hc*prt>poi'tior.al  U>  the 
square-root  of  ihc  wci^lit  which  it  suppurtb. 
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€f  the  formation^  size  arid  velocity  of  the  niUU 

stone y  fife, 

Plat«  In  the  IVtli  lecture*  Mr.  Ferguson  has  giv- 

xxrvQ.  ^^  several  useful  directions  for  the  formation  of 
the  grinding  surfaces  of  the  millstones ;  to  which 
we  have  only  to  add,  that  when  the  furrows  are 
worn  shallow,  and,  consequently,  to  be  new 
dressed  with  the  chisel,  the  same  quantity  of 
stone  must  be  taken  from  every  part  of  the 
grinding  surface,  that  it  may  have  the  same 
convexity  or  concavity  as  before.  As  the  up-- 
per  ^millstone  should  always  have  the  same 
weight  when  its  velocity  remains  unchanged^ 
it  will  be  necessary  to  add  to  it  as  much  weight- 
as  it  has  lost  in  the  dressing.  Tliis  will  be. 
most  conveniently  done  by  covering  its  top 
with  a  layer  of  plaster,  of  Ae  same  diameter 
as  the  layer  of  stone  taken  from  its  grinding 
surface^  and  as  much  thicker  tlian  the  layer  of 
stone,  as  the  specific  gravity  of  the  stone  ex- 
ceeds that  of  the  plaster.  That  the  reader  may 
have  some  idea  of  the  manner  in  which  the  fur- 
rows, or  channels,  are  arranged,  we  have  re- 
presented, in  Fig.  4.  the  grinding  surface  of 
the  upper  millstone^  upon  the  supposition  that 
it  moves  from  east  to  west,  or  for  what  is  call- 
ed a  right-handed  mill.  When  the  millstone 
moves  in  tlie  opposite*  direction,  the  position  of 
the  furroWs'must  be  reversed. 

In  Fig.  5.  >ve  liave  a  section  of  the  mill- 
stone's spindle-  and  lantern.    The  under  mill* 

•  Vul.  1. 
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fitoiic  MPHGy  wliicli  never  moves,  may  be  of 
any  thickness.  Its  grinding  surface  must  be 
of  a  conical  forro^  the  point  b  being  about  an 
incli  above  the  horizontal  line  PR^  and  Md 
and  Pb  being  straight  lines.  The  upper  mill- 
stone KFPJSL  which  is  fixed  to  the  spindle 
CD  at  Cj  and  is  carried  round  with  it,  should 
lie  so  hollowed  that  the  angle  OMa^  formed  by 
the  grinding  surfaces,  may  l)e  of  such  a  size  that 
On  being  taken  equal  to  m»W,  ns  may  l»e  equal 
to  the  thickness  of  a  grain  of  corn.*  The  dia- 
meter (KY  of  the  mill-ove  mC  sliould  be  be- 

«- 

tween  8  and  14  inches  ;  and  the  weiij;ht  of  tlie 
upper  millstone  KP  joined  to  tlie  weight  of  the 
spindle  CI)  and  the  trundh»  X  (the  sum  of 
which  three  numbers  is  called  the  eqiilpn^e  of  . 
the  turning  millstone)  should  never  be  less 
than  1550  pounds  avoirdupois,  otherwise  the 
resistance  of  the  grain  would  bear  up  the  mill- 
stone, and  the  meal  be  ground  too  coarse. 

In  order  to  iind  the  weight  of  the  equipage : — 
Divide  the  third  of  the  radius  of  the  gudgeon 
by  the  radius  of  the  water-wheel  which  it  sup- 
ports, and  having  taken  the  quotient  from  2.S5, 
multiply  the  remainder  by  the  expense  of  the 
source,  by  the  relative  fjiU,  and  by  the  number 
19911,  and  you  will  have  a  first  quantity,  which 
may  be  regarded  as  i)ounds.  Multiply  the 
square-root  of  the  relative  fall  by  the  weight  of 
the  arbor  of  the  water-wheel,  by  the  radius  of  its 

•  In  note  3,  p.  88,  vol  1,  we  have  said  that  the  corn  docs  not 
beg'in  to  he  j;  round  till  it  has  insinuated  itself  as  far  as  iwo-thirds 
oftlu-  radius,  hut  f<»r  reasons,  which  may  he  seen  in  Fubveaurlei 
MachNf»H  I/iftl.'tiufif/urx,  p.  :,:^8,  the  grinding  should  commence  a*, 
the  point  n  e«iMsdis;tiinl  from  O  and  .'A. 

VOL.   H.  V 
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Plate  giidgeoii,  aiid  by  the  number  161 7»  a*id  a  sp- 
xxxvn.  ^^^^^  quantity  >vill  be  bad,  wbich  will  also  re- 
present pounds.  Divide  the  third  part  of  the 
radius  of  the  gudi:;eon  by  the  radius  of  the  Ma- 
ter-wheel, and  having;  augmented  the  quotient 
by  unily,  multiply  the  sum  by  1005,  and  a 
third  quantity  will  be  obtained.  Subtract  the 
second  quantity  from  the  first,  divide  tiie  re- 
mainder by  the  third,  and  tlie  quotient  will  ex- 
press the  number  of  pounds  in  the  equipage  of 
tlie  millstone. 

The  weight  of  the  equipage  being  thus  found^ 
extract  its  s(|uare  nmt,  expressed  in  pounds, 
which  multiply  by  ,03!),  and  the  product  will 
be  the  radius  of  the  millstone  in  feet.^ 

In  order  to  find  the  w  eiiirlit  and  thickness  of 
the  upper  millstone,  the  following  rules  must 
be  observed  : 
Tiff.  5.  1.  To  find  the  weight  of  a  quantity  of  stone 

equal  to  the  mill-eye ; — Take  any  quantity 
which  seems  most  projier  for  the  weight  of  the 
spindle  CD  and  the  lantern  Xy  and  subtract 
this  quantity  from  the  weight  of  the  millstone's 
cquiptage,  for  a  first  quantity.  Find  the  area  of 
the  mill-eye,  and  multiply  it  by  the  weight  of 
a  cubic  foot  of  stone  of  the  same  kind  as  the 
millstone,  and  a  second  quantity  will  be  had* 
Multiply  the  area  of  the  millstone  by  the  weight 
of  a  cubic  foot  of  the  same  stone,  for  a  third 
quantity.  Multiply  the  first  quantity  by  the 
second,  and  divide  the  product  by  the  third^ 
and  the  quotient  will  be  the  weight  required. 


*  This  rule  supposo«,  that  when  the  diamelcr  of  the  miU-stone 
i  ?  5  feet  the  Weight  of  the  equipage  should  be  4307  avordupois 
:)uunds 
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2.  To  find  the  number  of  cubic  feet  in  the 
turning  millstone,  supposing  it  to  have  no  eye : 
— From  the  weight  of  the  spindle  and  lantern, 
fiiubtract  the  quantity  found  by  the  preceding 
rule,  for  the  first  number.  Subtract  this  first 
number  from  the  weight  of  tlie  equipage,  and 
a  second  number  will  be  obtained.  Divide 
this  second  quantity  by  the  weight  of  a  cubic 
foot  of  stone  of  tlie  same  quality  as  the  mill- 
stone,  and  the  ({uotient  will  be  the  number  of 
cubic  feet  in  EMVL\  mC  being  supposed  to 
be  filled  up. 

8.  To  find  the  quantities  viJ\^  and  jBJ/,  i.  c. 
the  thickness  of  the  millstone  at  its  centre  and 
circumference  : — Divide  the  solid  content  of  the 
millstone,  as  found  by  the  preceding  rule,  by  its 
area,  and  you  will  have  a  first  quantity.  Add 
ijR,  which  is  generally  about  an  inch,  to  twice 
the  diameter  of  a  grain  of  corn,  for  a  second 
quantity.  Add  the  first  quantity  to  one  third 
of  the  second,  and  the  sum  will  be  the  thick- 
ness of  the  millstone  at  the  circumference. — 
Subtract  one-third  of  the  second  quantity  from 
the  first  quantity,  and  the  remainder  will  be 
its  thickness  at  the  centre.* 

The  size  of  the  millstone  being  thus  found, 
its  velocity  is  next  to  be  determined.  M.  Fabre 
observes,  that  the  flour  is  the  best  possible  when 
a  millstone  five  feet  in  diameter  makes  from  48 
to  61  revolutions  in  a  minute.  Mr.  Ferguson 
allows  60  turns  to  a  millstone  six  feet  in  dia- 
meter, and  Mr.  Imison  120  to  a  millstcuie  4] 
feet  in  diameter.     In  mills  upon  Mr.  Imisou's 

^  *  These  rules  are  fo«mdcd  upon  formulx,  which  may  be  «■'-•'*"  In 
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coustraclioii,  the  groat  heat  that  must  be  sciic- 
rated  by  such  a  rapid  motion  of  the  millr-loue, 
must  ren(U»r  the  meal  of  a  very  inferior  quali- 
ty :  mucli  time,  on  the  eontniry,  will  be  lost, 
when  such  a  slow  motion  is  employed  as  is  rc- 
com!nen(hMl  hv  M,  Fahie  and  Mr.  Fersruson. 
In  the  best  corn-mills  in  this  country,  a  mill- 
stone five  feet  in  diami^ter  revolves,  at  an  aver- 
age, 1)0  tinii's  in  a  minute.'^  Tha  number  of 
revolutions  in  a  second,  thevefore,  w  hich  must 
be  assigned  to  a  millstone  of  a  diflerent  size 
may  be  found  hy  dividing  ijO  by  the  diameter 
of  the  millstone  in  feet. 

The  spindle  cJ),  w  hich  is  commonly  6  feet 
long,  may  be  made  either  of  iron  or  wood. — 
When  it  is  of  iron,  and  tl;e  w  eight  of  the  mill- 
stone 7558  pounds  avoirdupois,  it  is  generally 
3  inches  in  diameter;  andM'hen  madeof  Avood, 
it  is  10  or  1 1  inches  in  diameter.  For  mill- 
stones of  a  diflerent  weigiit,  the  tliiekuess  of 
the  spindle  may  be  found  by  propiH'ti:>ning  it  to 
the  scpmre  root  of  the  millstonr's  wiNght,  or* 
Avhicii  is  nearly  the  same  thing,  to  the  weight  of 
the  millstone's  equipage. 

The  greatest  diameter  of  tlic  y'lxol  i^,  upon 
which  the  millstone  rc.s:>.  shoi-hl  he  propor- 
tional to  the  ^:fj!Ul^e  root,  of  liie.  e(juipjige,  a  pi- 
vot half  an  iiicli  dianieier  Leing  iihle  io  support 
an  c<]ui|^•«^;(»  of  •iJilS  ponnds.  in  most  ma- 
chines, liie  dicimeter  of  I  he  pivots  is  by  far  loo 
large,  heing  cjipnbh;  of  supporting  a  much 
greater  vveii;lit  t!i?ri  iliev  are  ohli;red  U\  hear. 


C'lis(.'.rves,  tSriT,  i.i  tlio  f)f*.  corn-mills  n  P.n!:;l:iiH',  T.illsto'.iv.-s  lunn 
1.'  to  .')  f'.':'.  ii'.  •■'.  .1"  '  ;••  '■•  V'.lvefi-OTii  'J'i  '■.•  l!;--  i»'-.ijs  i".  ;»  n.inulc 
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The  friction  is,  therefore,  increased,  and  the  ^^^'^^\ 
performance  of  the  machine  diminished. 

The  bridge-tree  AB  is  generally  from  8  to  Fig.  s. 
10  feet  long,  and  should  always  he  elastic,  that 
it  may  yield  to  tlie  oscillatory  motion  of  the 
millstone.'^'  When  its  length  is  9  feet,  and  the 
weight  of  the  equipage  518:3  pounds,  it  sliould 
be  six  inches  sqiiare ;  and  when  the  length  re- 
mains  unchanged,  and  the  equipage  varies,  the 
thickness  of  the  bridge-tree  should  be  propor- 
tional to  the  square-root  of  the  equipage. 


On  the  performance  of  undershot  mills. 

The  performance  of  any  machine  may  be 
properly  represented  by  the  number  of  pounds 
which  it  will  elevate,  in  a  given  time,  by  means 
of  a  rope  KL^  wound  upon  the  spindle  C/>,  and  f«j  •"- 
passing  over  the  pulley  L.\  In  order  to  find 
the  weight  which  a  given  machine  will  raise : — 
Divide  the  third  part  of  the  radius  of  the  gud- 
geon of  the  water-wheel,  by  the  mean  radius  of 
the  wheel  itself,  and,  having  subtracted  the  quo- 
tient from  2.2;>,  multiply  the  remainder  by  the 
expense  of  water  in  a  second  in  cubic  feet,  by 
the  height  of  the  relative  fall,  and  by  the  num- 
ber 19011,  for  a  first  quantity.  Multiply  the 
weight  of  the  arbor  of  the  water-wheel,  and  its 
appendages,  (viz.  the  water-wheel  itself  and  the 
8pur.wheel)  by  the  radius  of  the  gudgeon  in 


•  See  Belidor,  JlrchitecUirCy  Jludraulique,  638  ;  or  Dcsaj;is!icr*i 
Exper.  Phi  log.  vol.  2,  p.  429. 

+  It  was  in  tliis  way  that  Smeaton  measured  the  pcrfurniantL 
of  liis  models. 
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decimals  of  a  foot,  by  the  square-root  of  the 
relative  fall,  and  the  number  IO17?  and  divide 
the  product  by  the  mean  radius  of  the  water- 
ivheel,  and  a  second  quantity  will  be  bad.  Di- 
vide the  third  part  of  the  gudgeon's  radius  by 
the  mean  radius  of  the  water-wheel,  ausrment 
the  quotient  by  unity,  and  multiply  the  sum  by 
the  radius  of  the  spindle  CD  for  a  third  quan- 
tity. Subtract  the  second  quantity  from  the 
first^  and  divide  the  remainder  by  the  third 
quantity,  the  quotient  will  be  the  number  of 
pounds  which  the  machine  Avill  raise.  Multi- 
ply the  diameter  of  the  spindle  CD  l)y  3.1416^ 
and  you  will  have  a  quantity  ecpial  to  the  height 
which  W  will  rise  by  one  turn  of  the  spindle ; 
this  quantity,  therefore,  being  multiplied  by  the 
number  of  turns  which  the  spindle  performs  in 
a  minute,  will  give  the  height  through  whicli 
the  weight  W  will  rise  in  the  :?pace  of  a  mi- 
iiute. 

Mr.  Fenwick*  found,  by  a  variety  of  accu- 
rate cxpiM'inients  made  upou  good  corn-mills^ 
whose  upper  millstone,  being  from  4^  to  5  feet 
in  diameter,  revolved  from  yo  to  100  times  in 
a  minute,  t^jat  a  mill,  or  ajiy  power  capable  of 
raising  300  pounds  avoirdupois  with  a  velocity 
of  210  feet  per  minute,  will  grind  one  boll  of 
good  corn  in  an  hour ;  and  that  2,  3,  4,  or  5 
bolls  will  be  ground  in  an  hour,  when  a  weight 
of  300  pounds  is  raised  with  a  velocity  of  350, 
006,  677,  or  86 J  feet  respectively,  inaminufe.f 

*  Four  Essays  on  Practical  Mechanics,  2J.  edit.  1802,  p.  60. 

I  As  the  difltTcnces  of  these  numbers  increase  ncarlv  bv  16, 
t.»ey  may  be  continued  by  always  augnKufinjr  the  difference  be- 
tween the  two  last  numbers  by  16,  uud  adding  the  differences 
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Or,  to  arrange  the  numbers  more  properly  -. 


Number  of  bolls  ground  In  an 
hour 1 

Xnmbcr  of  ftct  Ihrougli  whicli 
30Uib.  is  raised  m  a  minute        210 


o50  50G  677 


5 


S65 


looy 


Supposing  it,  therefore,  to  be  found,  by  tliA 
preceding  rules,  that  a  mill  would  raise  tiOO 
pounds  through  &5^  feet  in  a  minute  of  time^ 
^Te  have  300 :  600  =  ^53 :  506 ;  that  is,  the  same 
poorer  that  can  raise  600  pounds  through  353 
ieet^  will  raise  300  pounds  through  506  feet, 
consequently,  such  a  mill  will  be  able  to  grind 
ttiree  bolls  of  corn  in  an  hour.  ^ 

According  to  M.  Fabre,  the  quantity  of  meal 
ground  in  an  hour  may  be  determined  by  mul- 
tiplying 63.4  Paris  pounds  by  the  s(|uarc  of  the 
r&dius  of  the  millstone,  and  the  product  will  be 
the  number  of  pounds  of  meal.     But,  as  thisj 
rule  is  founded  upon  the  erroneous  supposition^ ' 
that  the  quality  of  the  flour  is  best  when  a  mill- 
stone^ 5  feet  in  diameter,  performs  48  revolu- 
tions in  a  minute,  we  have  made  the  calculation 
anew^  upon  the  supposition,  that  the  velocity 


thus  augmented  to  the  last  number,  for  the  number  required. 
Thus,  by  adding  16  to  188,  the  difference  between  677  and  865, 
we  have  204,  which  being  added  to  865,  gives  1069  for  ttie  num- 
ber of  feet,  nearly,  through  which  the  power  must  be  able  to 
raise  a  weight  of  three  hundred  pounds  in  a  minute,  in  order  to 
griod  six  bolls  of  corn  in  an  hour. 

♦  The  projjcr  result  of  Mr.  Fenwick*s  experiment  was,  that  a 
power  requisite  to  raise  a  weight  of  300  pounds  avoinlupois,  with 
a  velocity  of  190  feat  per  minute,  would  grind  one  boll  of  good 
com  in  an  hour  :  but,  in  order  to  make  the  above  numbers  accu- 
rate in  practice,  he  increased  the  velocity  one  tcn*h,  and  mn<lrr 
it  $10  fcet  per  minute. 
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of  a  iiHlIsiono>  o  feet  diameter^  should  be  90 
revolutions  in  a  minute,  and  liave  found,  that, 
'when  mills  arc  conslructed  upon  this  principle^ 
the  (juantity  of  Hour  s;round  in  an  hour,  in 
])oun(ls  rivoirdupois,  will  be  equal  to  the  pro-, 
duct  of  the  square  of  the  millstone's  radius^ 
and  the  number  123. 

The  foUowins;  important  maxims  have  been 
deduced  from  Air.  Smcaton's  accurate  experi- 
ments on  undershot  mills,  an<I  merit  the  atten- 
tion  of  every  practical  mechanic. 

Maxim  1. — That  the  virtual  or  effective  head 
of  water  being  the  same,^  the  effect  will  be  near- 
ly as  the  quantity  of  water  expended.  That  is, 
if  a  mill,  driven  by  a  fall  of  water  whose  vir- 
tual head  is  10  feet,  and  which  dischar£;es  30 
cubic  feet  of  water  in  a  second,  grinds  four 
|)olls  in  an  hour;  another  mill,  having  the  same 
virtual  head,  J)ut  which  discharges  60  cubic  feet 
of  water,  will  grind  eight  bolls  of  corn  in  an 
hour. 

%Maxlm  3. — That  the  expense  of  M'ater  being 
the  same,  the  effect  will  be  nearly  as  the  height 
of  the  virtual  or  effective  head. 

*  The  virtual^  or  effective  hfiid  of  water  moving:  wiili  a  certain 
velocity,  is  oqnal  lo  iht'  IkmjjUi  from  which  a  heavy  body  must 
lull  in  order  to  acquire  the  same  velocjiy.  Tlic  height  of  ihc  vir- 
tual Iiead,  thcK*for«!,  m:>y  be  easily  determined  from  the  water** 
velocity,  for  the  heig-his  are  as  s([uares  of  the  velocities,  conse- 
quently, as  the  squ:'.re  roots  of  the  heiglils.  Mr.  Smeaton  ob- 
serves,  that,  in  the  laigt'  openinjj  of  niills  and  sluices,  where 
i::rcal  quantities  of  water  arc  discharged  from  moderate  heads, 
the  i-eal  head  of  water,  and  the  virtual  head,  as  determined  from 
the  velocity,  v.ill  nearly  agree.  See  his  Experiments  on  Mill.i,  p. 
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Maxim  3. — That  the  quantity  of  water  ex- 
()emled  being  the  same^  the  elfect  is  nearly  as 
the  square  of  its  velocity. — That  is,  if  a  mill, 
driven  by  a  certain  quantity  of  water,  moving 
with  the  velocity  of  h  feet  per  second,  grinds 
three  bolls  of  corn  in  an  hour ;  another  mill, 
driven  by  the  same  quantity  of  water,  moving 
with  the  velocity  of  five  feet  per  second,  will 
grind  nearly  4^^^  bolls  of  corn  in  an  hour,  be- 
cause  3:4.7  =  *i^ :  5^  nearly,  that  is,  as  16  to 
85,  the  squares  of  the  respective  velocities  of 
the  water. 

Maxim  4. — The  aperture  being  the  same, 
the  effect  will  be  nearly  as  the  cube  of  the  ve- 
locity of  the  water. — That  is,  if  a  mill  driven 
by  water,  moving  through  a  certain  aperture, 
with  the  velocity  of  4  feet  per  second,  grind  3 
bolls  of  corn  in  an  hour;  another  mill  driven 
with  water,  moving  through  the  same  aperture 
with  the  velocity  of  ;>  feet  per  second,  will' 
grind  d^l  ?>olls  nearly  in  an  hour,  for3:;iy^-  = 
4^  5*  nearly,  that  is,  as  04  to  125,  the  cubes  of 
the  waters  respective  velocity. 


Vyr, 


On  the  method  of  constructing  a  mill-wright-s 
tablcy  on  new  iirinciples. 

Although  a  miill-wright*s  table  has  been  con- 
structed by  Mr.  Ferguson,"^  and  afterwards  al  • 
te^d  a  little  by  Mr.  Imison,  so  far  as  con- 
cerns the  velocity  of  the  millstone  ;  yet,  as  we 

*  Sec  Vol.  1,  p.  lav 

VOL.  IJ.  7, 
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shall  now  show^  the  principles  npon  which  it 
is  computed^  are  far  from  being  correct.  Fol- 
lowing Desaguliers*  and  Maclaurin^f  Mr.  Fer- 
guson has  adopted  the  determination  of  Parent 
and  Pitot,  respecting  the  relative  velocity  of 
the  water  and  the  wheel.j:  But  Mr.  Smeaton 
has  shown,  that  instead  of  the  wheel  moving 
with  7  of  the  velocity  of  the  water,  when  the 
effect  is  a  maximum,  as  Parent  imagined,  the 
greatest  effect  is  produced  when  the  velocity 
of  the  wheel  is  between  ^  and  4,  the  maximum 
being  much  nearer  to  4  than  4-  He  observes^ 
also,  that  j  would  be  the  true  maximum^  <  if 
^  nothing  were  lost  by  the  resistance  of  the  air, 
^  the  scattering  of  the  water  carried  up  by  the 
^  wheel,  and  tlirown  off  by  the  centrifugal  force, 
^  &c.  all  which  tend  to  diminish  the  effect  more 
^  at  what  would  be  the  maximum,  if  these  did 
^  not  take  place,  than  they  do  when  the  motion 
'^  is  a  little  slower/^  But,  in  making  this  al- 
teration, M'C  arc  waiTanted  not  merely  by  the 
results  of  Mr.  Smeaton's  experiments,  but  by 
the  more  accurate  deductions  of  theory.  In 
the  investisrations  from  which  Parent  and  Pitot 
ccysduded  that  the  velocity  of  the  wheel  should 
W^^  of  the  velocity  of  the  water  in  order  to 
produce  a  maximum  effect,   they  considered 


*  Desagullcr's  Experimcntsil  Philosophy,  v.  2,  p.  424.  Lect.l2. 

t  Maclaurin's  Fluxion's  Art.  907,  p.  728. 

+  M.  Lambert  has  also  adopted  the  determination  of  Parent, 
in  his  Memoir  on  Undershot  Mills  in  the  JSouv.  Ment.  de  VAcad. 
fie  Berlin,  1775,  p.  ^,  ^ 

§  Snicaton  on  Mills,  p. 77.  M.Bossut  and  M.Fabre,  along  with 
Smeaton,  makes  the  velocity  of  the  wtiecl  two-fifhs  of  the  veloci- 
ty of  the  water.  See  Traite  d'Hydrodynamique,  par  Bossut.  € 
808.9,  Fabre,  §  66. 
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the  impulse  of  the  stream  upon  one  floatboard 
ouly^  and^  therefore^  made  the  force  of  impul- 
sion  proportional  to  the  square  of  the  differ- 
ence between  the  velocities  of  the  stream  and 
the  floatboard.  Tlie  action  of  the  current^ 
however^  is  not  confined  to  one  floatboard^  but 
is  exerted  on  several  at  the  same  timc^  so  that 
the  floatboards  whicli  are  accurately  fitted  to 
the  mill-course,  abstract  from  the  water  its  ex- 
cess of  velocity,  and  the  force  of  impulsion  be- 
comes proportional  only  to  the  difference  be- 
tween the  velocities  of  the  stream  and  the  float- 
boards.  The  Chevalier  de  Borda,  in  his  Me- 
moire  surles  Rou^s  HydrauliqueSf*  has  taken 
advantage  of  this  circumstance,  and  has  shown^ 
that  in  theory  the  velocity  of  the  wheel  is  | 
that  of  the  cuiTeut,  and  that  in  practice  it  is 
never  more  than  three- eighths  of  the  stream's 
velocity. 

Mr.  Waring,  a  gentleman  in  America,  has 
also  pointed  out  some  circumstances  to  whicli 
Mr.  Smeaton,  and  other  philosophers,  did  not 
attend  in  their  deductions,!  and  shows  that 
the  greatest  effect  is  produced  when  the  velo- 
city of  the  wheel  is  one  half  the  velocity  of  the 
water. 

The  constant  number,  too,  which  is  used  by 
Mr.  Ferguson  for  finding  the  velocity  of  the 
water  from  the  heights  of  the  fall,  viz.  64,2883, 
is  not  correct.  From  the  recent  experiments 
of  Mr.  Whitehurst  on  pendulums,  it  appears, 


*  Published  in  the  Memoires  dc  L'Acad.  Royale  Paris,  1767, 
p.  285,  4to. 

t  Transactions  of  the  American  Philosophical  Society,  v.  3,  p- 
144. 
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Pi^ATK      t],at  a  heavy  body  falls  16.087  feet  in  a  second 
^  ^  '  of  time ;    consequently,    the  constant  number 
should  be  04,348. 

In  Mr.  Ferguson^s  table,  the  velocity  of  the 
millstone  is  too  small,  and  Mr.  Imison,  in  cor- 
recting this  mistake,  has  erred  farther  on  the 
other  side.  From  this  circumstance,  the  mill- 
wright's table,  as  liithcrto  published,  is  funda- 
mentally erroneous,  and  is  more  calculated  to 
mislead  than  to  direct  the  practical  mechanic. 
Proceeding,  therefore,  upon  the  accurate  de- 
ductions of  Smeatou,  as  corrected  by  Waring, 
and  employing  a  more  correct  constant  number, 
and  a  more  suitable  velocity  for  tlie  millstone, 
"we  may  construct  a  new  mill-wright's  table  by 
the  following  rules. 

1.  Find  the  perpendicular  height  of  the  fall 
of  water  in  feet  above  the  bottom  of  the  mill- 

Fig.  1.  course  atJT;  and  having  diminished  this  num- 
ber by  one  half  of  the  natural  depth  of  the  wa- 
ter at  jR*,  call  that  the  height  of  the  fall.* 

2.  Since  bodies  acquire  a  velocity  of  33.174* 
feet  in  a  second,  by  falling  through  16,087 
feet,  and,  since  tlic  velocities  of  falling  bodies 
are  as  the  square-roots  of  the  heiglits  through 
which  they  fall,  the  square-root  of  16.087  will 


*  The  height  of  the  fall  here  meant  is  the  relative  or  virtual 
height,  and  it  is  supposed  that  the  mill  coiirso  is  so  accurately 
constructed,  tliat  the  water  will  have  the  same  velocit>  at  JTas 
it  would  Iiave  at  R  by  fallinfc  perpendicularly  through  C/?.  This 
will  be  nearly  the  case  when  the  mill-course  is  formed  according 
to  thed'rections  formerly  given ;  though  in  general  a  few  inches 
should  be  taken  from  the  t(ill,  in  order  to  obtain  accurately  its  re- 
ItttiTc  or  virtual  height. 
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be  to  ihe  height  of  the  fall  as  32.174  to  a  fourth 
nnmber,  which  will  be  the  velocity  of  the  wa- 
ter. Therefore  the  velocity  of  tlie  water  may 
be  always  found  by  multiplying  33.174,  by  the 
square-root  of  the  heiglit  of  the  fall,  and  divi- 
ding  that  product  by  the  square-root  of  16,087; 
or  it  may  be  found  more  easily  by  multiplying 
the  height  of  the  fall  by  the  constaut  number 
64.348,  and  extracting  the  square-root  of  the 
product,  which  will  be  the  velocity  of  the  wa- 
ter required.* 

3.  Take  one  half  of  the  velocity  of  the  wa* 
iety  and  it  will  be  the  velocity  which  must  be 
given  to  the  iloatboards  or  the  numlier  of  feet 
they  must  move  through  in  a  second  in  order 
that  the  greatest  effect  may  be  produced. 

4.  Divide  the  circumference  of  the  wheel  by 
the  velocity  of  its  floatboards  per  second,  and 
the  quotient  will  be  the  number  of  seconds  in 
which  the  wheel  revolves. 

•  That  the  velocitvof  the  water  is  equal  to  the  square  root  of  th© 
product  of  the  hei^^ht  of  the  full,  and  the  consuni  number  64.348 
may  be  shown  in  the  folhAvinj;  uiunnt  r. — l^t  x  Im*  the  velocity 
of  the  water,  m  the  heif^hl  of  thr  fall,  «=l6i;8r»  and  conse- 
qucnily  2«s=32.174.     Then  by  the  fiist  p.irt  of  ihc  second  rule 

V^aT\/«i=:2a  :  X  therefore  a'=2  »v'»'» ;    muliiplying'  by  V^  a 

_  ^a 

we  ha\'c  xV«=2a\/m/  putfmj*-  all  tin-  luantities  under  the  r»^ 

dicul  sij^n  th  re  comes  nwx  \'^.ri-.=V''4fit;m/  squaring  both  si  dey 
of  theeqi.i<tion  we  hu\o  xra=4wi.m  diviuing  by  a  gives  xx=4am 

or  x=V^t<«m      Hut  since  the  constani  numb^^r  64.348  is  double 
of  32. 174,  r-  will  bo  'cy-A  to  4'/,  then  by  the  laticr  part  of  rulo 

second  we  have  x^sz\  u.m,  w  liieli  is  the  same  value  of  x  as  waa 
fouad  from  the  first  pan  of  the  rule. 
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B.  Divide  60  by  tliis  last  number^  and  the 
qQotientM'ill  be  the  number  of  revolutions  which 
the  wheel  performs  in  a  minute. 

6.  Divide  90  (the  number  of  revolutions 
which  a  millstone  5  feet  diameter  should  per- 
form in  a  minute)  by  the  number  of  revolu- 
tions made  by  the  wheel  in  a  minute^  and  the 
quotient  will  be  the  number  of  turns  which  the 
millstone  ought  to  make  for  one  revolution  of 
the  wheel. 

7.  Then,  as  the  number  of  revolutions  of  the 
wheel  in  a  minute  is  to  tlie  number  of  revolu- 
tions of  the  millstone  in  a  minute^  so  must  the 
number  of  staves  iu  the  trundle  be  to  the  num- 
ber of  teeth  in  the  wheel  in  the  nearest  whole 
numbers  that  can  be  found.^ 

8.  Multiply  the  numlier  of  revolutions  per- 
formed by  the  wheel  in  a  minute  by  the  number 
of  revolutions  made  by  tlie  millstone  for  one  of 
the  wheel,  and  the  product  will  be  the  number 
of  revolutions  performed  by  the  millstone  in  a 
minute. 

In  tliis  manner  the  followin^s;  table  has  been 
calculated  for  a  water-wheel  15  feet  in  diame- 
ter* M'hich  is  a  good  medium  size,  the  mill* 
stone  being  5  feet  iu  diametei-^  and  revolving 
90  times  in  a  minute. 

J\\  B. — The  table  is  used  in  tlie  same  way 
as  Mr.  Ferguson  dii^ects  in  Vol.  I. 

•  We  have  filled  up  the  xirth  column  of  the  table  in  the  com* 
mon  way;  but  for  the  proper  meihod  of  finding^  the  relation  be- 
tween tlie  radius  of  the  spiir-wlii-cl  and  trundle,  and  the  exact 
number  of  iccth  in  tlu-  ou;  ,  -md  slaves  in  the  other,  wc  iDUSt  re- 
fer the  reader  lo  p.  161  of  tills  volume. 
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Calculated  upon  new  principles. 


Height   of   the 

effective  fall  of 

water. 

Velocity 
of  the 

water  per 
•econd. 

Velocity 
of  tlie 

wheel  per 
second. 

Rovolu- 
tionsofthc 
wheel  per 

minute. 

Revolu- 
tions of  the 

millstone 
for  one  of 
the  wheel. 

Teeth  in 

the  wheel, 

and  stave; 

in  the 

trundle. 

Revolu* 

'aonsofthe 

millstone 

per  minute 

by  these 

staves  and 

iccth. 

• 

1 

u  o 

4.01 

£    ■ 

b   > 

0    c". 
go" 

H     -J? 

s  • 
So* 

• 

8.o;d 

5.10 

17.65 

106    6 

90,01 

s 

11.34 

5.67 

7.22 

12,47 

87   7 

90.03 

3 

13.89 

6.95 

8.85 

10.17 

81    8 

90.00 

<!• 

16.01 

8.02 

10.20 

8.82 

79    9 

89.96 

5 

17-94 

8.97 

11.43 

7.87 

71    9 

89.95 

6 

19.65 

9.82 

12,50 

7.20 

65    9 

90.00 

7 

31.22 

10.61 

13,51 

6.66 

60    9 

89.98 

8 

22.69 

11.34 

14.45 

6.23 

56    9 

90.02 

9 

2*.06 

12.03 

15.31 

5.88 

53    9 

90.02 

10 

25.37 

12.69 

16.17 

5.57 

56  10 

90.06 

11 

26.60 

i  3..30 

16.95 

5.31 

53  10 

90.00 

IS 

27.79 

13.90 

17.70 

6.08 

51  10 

89.91 

13 

28.92 

14.46 

18.41 

4.89 

49 10 

90.02 

14. 

30.01 

15.01 

19.11 

4.71 

4710 

90.00 

15 

31.07 

15,53 

19.80 

4.55 

48  11 

90.09 

16 

32.09 

16.0* 

20.40 

4.45 

44  10 

89.96 

17 

33.07 

16.54 

21.  5 

4,28 

4711 

90.09 

18 

34.03 

17.  2 

21,66 

4,16 

50  12 

90.10 

19 

34.97 

17.48 

22.26 

4.0* 

41  11 

89.93 

20 

35.97 

17.99 

22,86 

3.94 

48  12 

90.07 

1 

3 

3 

4 

5 

(S 
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On  horizontal  mills. 

PiATi  AUhoucli  horizontal  water-wheels  arc  very 

^^^^^'  common  on  the  Continent  of  Europe,  and  are 
strongly  recommended  to  our  notice  by  the 
simplicity  of  their  construction,  yet  they  have 
almost  never  been  erected  in  this  country,* 
and  therefore  are  not  described  in  any  of  our 
treatises  on  practical  mechanics.  In  order  to 
supply  this  defect,  and  recommend  them  to  the 
attention  of  the  mill-wright,  we  shall  give  a 
brief  account  of  their  theory  and  construction. 
In  Fig.  6.  Ave  have  a  representation  of  one  of 
these  mills.  JlB  is  the  large  water-wheel  which 
moves  horizontally  upon  its  arbor  CD.  This 
arbor  passes  through  the  immoveable  millsMlDne 
EFatDy  and,  being  fixed  to  the  upper  one 
GJIf  carries  it  once  round  for  every  revolution 
of  the  great  wheel,  J\*  is  the  hopper,  and  I 
the  mill-shoe,  the  rest  of  the  construction  being 
the  same  as  in  vertical  corn-mills. 

The  mill-course  is  constructed  in  the  same 
manner  for  horizontal  as  for  vertical  wheels^ 
with  this  diflerence  only,  that  the  part  mBnC^ 
Fig.  2.  of  which  KL  in  Fig.  1.  is  a  section^ 
instead  of  being  rectilineal  like  mn,  must  be 
circular  like  mP,  and  concentric  witii  the  rim 
of  the  wheel,  suificient  room  being  left  between 
it  and  the  tips  of  the  floatboards  for  the  play  of 
the  wheel. 

The  equipage  of  the  millstone  of  a  horizon- 
tal mill*  may  be  found  liy  multiplying  the 
product  of  the  100th  part  of  the  expense  of  tha 

•  Orcftt  Kritain. 

t  Tlic  etjuipagc  comprehends  the  milbtone,  the  water-wheel, 
and  its  arbor. 
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water  in  cubic  feet,  and  the  relative  fall,  by 
5078,  and  the  product  will  be  the  weight  of  the 
equipage  in  pounds  avoirdupois. 

The  mean  radius  of  the  wheel  ^B  is  to  be 
determined  by  multiplying  the  product  of  the 
relative  fall,  and  the  square-root  of  the  expense 
of  water  in  a  second  bv  0.062. 

What  has  been  said  respecting  the  number, 
position,  and  form  of  the  floatboards,  of  verti- 
cal wheels,  may  be  applied  also  to  horizontal , 
ones.  In  the  latter,  however,  the  floatboards 
must  be  inclined,  not  only  to  the  radius,  but 
ulso  to  the  plane  of  the  w  heel,  in  the  same  an- 
gle in  which  they  are  inclined  to  the  radius, 
80  that  tlie  lower  and  the  outermost  sides  of 
the  floatboards  may  be  farthest  up  the  stream. 

Since  the  millstone  of  horizontal  mills  per- 
forms the  same  number  of  revolutions  as  the 
water-wheel ;  and  since  a  millstone  Ave  feet  m 
diameter  should  never  make  less  than  48  turns 
in  a  minute,  the  wheel  must  peiform  the  same 
number  of  revolutions  in  the  same  time ;  and 
in  order  that  the  effect  may  be  a  maximinn,  or 
the  greatest  possible,  the  velocity  of  the  cur- 
rent must  be  double  that  of  the  wheel.  Sup- 
pose the  millstone,  for  example,  to  be  five  feet 
diameter,  and  the  water-wheel  six  feet,  it  is 
evident  that  the  millstone  and  wheel  must  at 
least  revolve  48  times  in  a  minute  ;  and  since 
the  circumference  of  the  wheel  is  18.8  feet,  the 
floatboards  will  move  through  that  space  in. the 
48th  part  of  a  minute,  that  is,  nearly  at  the  rate 
of  15  feet  per  second,  which,  being  doubled^ 
makes  the  velocity  of  the  water  30  feet,  an- 
swering, as  appears  from  the  preceding  table^ 
to  a  fall  of  14  feet.  But,  if  the  given  fall  of 
water  be  less  than  14  feet,  we  may  procure  the 

VOL.  II,  A  a 


e/B 


.,;;#V 


M^t^nte£ 


flime  TClfedty  to  the  miilBtone,  by  dimiiusUflfe 
the  diameter  of  the  wheel.    If  the  wheel,  nr. 
instanee,  be  only  five  feet  diameter,  its  cireamt^. 
ference  will  be  19.7  feet,  and  its  floats  wiUX- 
move  at  the  rate  of  12.96  feet  in  a  secood,  th«  . 
doable  of  which  -is  £9,18  feet  per  second^ 
which  answers  to  a  head  of  water  less  than  ±9 
tpet  high.  Aa  the  diameter  of  the  water- whed^ 
bevover,  should  never  he  less  than  seven  timw 
the  breadth  of  the  mill-course  at  IC,  there  will 
be'  a  certain  height  of  the  fall  beneath-wfaieh 
Ire  eannot  employ  horizontal  wheels,  witboot 
making  the  millstone  revolve  too  slowly.  11iii| 
height  will  be  found  by  the  following  table :  ^^ 


triwiitlienMunJ 
<h  'terstUie  bottom 


TV  relitWi 
bcneith  «h  ich  we 
caiviot  emploj 
borisonUl  Biilli, 
WlUbe 


1  to  1 

Equal. 
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Thas,  if  the  natural  depth  of  the  water  at  J!^ ' 
be  diree  times  the  width  of  the  mill-course  at 
tiip  same  place,  the  relative  fall  beneath  Thick 
We  cannot  employ  a  horizontal  wheel,  will  b« 
'.  7>814  feet.  Since  the  depth  of  the  water  is  m 
great  in  this  case,  a  great  quantity  of  it  will  he 
discharged  in  a  second,  and,  therefore,  it  re^ 
quires  a  less  velocity,  or  a  less  height  of 'thtt 
fall  to  imp«l  the  wheel,  whereas,  if  the  depth 
of  the  watni^  Jud  been  only  one  tluid  of  tli»  . 


U 


^0^lik  of  the  mtU-eonne,  radt  a  annl  qaaBfL- 

Ij^'woald  be  diadivged  in  a  second^  tiiat  we 

■     BiOflt  make  Dp  for  the  want  of  water,  by  giTing 

-  9a  peater  VelocHir  to  what  we  have,  or  by  mak-  V- ; 
^.fag  the  height  of  th6  fall  17.613  feet  '  ~  '  ' 
'  J '  In  4H4er  to  find  the  radius  of  the  milUrtoQe 

fa  horizontal  miUa,  multiply  the  expenee  of 
Iratev  i«  enbie  feet  in  a  second,  by  therelatiTe 
bm^  extract  the  square-root  of  the  produ^ 

'■    aad  aoltiply  this  root  by  0.S67,  the  proddet       ^  .-^ 
will  be  the  radius  of  the  miltstone  in  feet. 
*   7fae  qaantlly  of  meal  ground  in  an  hour  maj   '      .- ''  ^ 
Ihd.foand  by  the  rules  already  ^ven  foryertieu    "      ' 

t     liStiM,  or  by  multiplying  the  product  (tf  the  ex-  '" 

|ieiise  of  water  sod  the  relative  fall,  by  496  lb.  '  ;'-'' 

-  and  the  result  will  be  the  quantity  required.    -  <     - 

"The  thickness  of  the  millBto|ie  at  the  cei^rtt-' 
and  circnrnference,  and  the  thickness  of  the 
.'■    ariwr  and  pivots  may  be  determined  by  the 

tides  already  laid  down  for  vertical  mills.  ,   - 

In  horizontal  wheels,  the  mill-course  is  some- 

'paa  differently  constructed.     Instead  of  the 

jUer  assuming  a  horizontal  direction  before  it 

nkes  the  wheel,  as  in  the  ease  of  undershot- 

Us,  the  floatboard  is  so  inclined  as  to  receive 

^  impulse  perpendicularly,  and  in  the  direc-. 

_.  in. of  the  declivity  of  the  waterfall.     When  ,* 

*~idtft  eoBstrnetion  is  adopted,  the  greatest  effect  , 

'  viU  be  produced  wlien  the  velocity  of  the  ftoat- 

bdards  is  not  less  thanv^a^  ift  ^hich^  ro- 

'presents  the  accelerating  fotee'  of  gravity  ^Hs^^ff^' 
<a.087  feet,  J)  the  height  of  the  waterfall,  and^# 
^  the  angle  which  the  direction'  of  the  JaU,.  ^  ■*- 

lamfces  with  a  vertical  line.     But  since  this  A, 

'^iunU<7MKrea9ea  u  .the  sign  oL^49orttu«^    ^      '^ 
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it  follows  that  without  taking  from  the  effect  of 
these  wheels^  we  may  diminish  the  angle  •!,  and 
thus  augment  considerably  the  velocity  of  the 
floatboards^  according  to  the  nature  of  the  ma- 
chinery employed;  wliereas,  in  vertical  wheels, 
there  is  only  one  determinate  velocity^  which 
produces  a  maximum  effect.* 

In  the  southern  provinces  of  France,  where 
horizontal  wheels  arc  very  generally  employed, 
the  floatboards  are  made  of  a  curvilineal  form> 
BO  as  to  be  concave  towards  the  stream.  The 
Chevalier  de  Borda  observes,  that  in  theory  a 
double  effect  is  produced  when  the  floatboards 
are  concave,  but  that  this  effect  is  diminished  in 
practice,  from  the  difficulty  of  making  the  fluid 
enter  and  leave  the  curve  in  a  proper  direction. 
Notwithstanding  this  difficulty,  however,  and 
other  defects  which  might  be  pointed  out,  ho« 
rizontal  wheels  with  concave  floatboards  are 
always  superior  to  those  in  which  the  float- 
boards  are  plane,  and  also  to  vertical  wheels, 
when  there  is  a  sufficient  head  of  water.  If 
the  fall  of  water  be  five  or  six  feet,  a  horizon^ 
tal  wheel  with  concave  floatboards  may  be 
erected,  wliose  maximum  effect  will  be  to  that 
of  ordinary  vertical  wheels,  as  3  to  2. 

*  See  Memoire  aw  la  Rou^i  HtjdrauUques,  Mtm.  de  V^cad.  Hm- 
<?/,  Par,  1767,  p.  285. 
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On  double  com-mills. 

It  frequently  happens  that  one  water-wheel  p^*» 
drives  two  millstones^  in  which  case  the  mill  ig^^^^^'* 
said  to  be  double  ;  and  when  there  is  a  copious 
discharge  of  water  from  a  high  fall^  the  same 
water-wheel  may  give  sufficient  velocity  to  three^ 
or  four,  or  five  millstones.    Mr.  Ferguson  has 
given  a  brief  description  of  a  double  mill  in 
Vol.  I.  p.  96.  and  a  drawing  of  one  in  Plate 
Til.  Fig.  4.  but  has  laid  down  no  maxim  of 
construction  for  the  use  of  the  practical  mecha- 
nic.    In  Supplying  this  defect,  let  us  first  at- 
tend to  double  horizontal  mills,  in  which  the 
axis  CD  is  furnished  with  a  wheel  which  gives  Fig.  6L 
motion  to  two  trundles,  the  arbors  of  which 
carry  the  millstones. 

In  order  to  find  the  weight  of  the  equipage 
for  each  millstone,  multiply  the  pi-oduct  of  the 
expense  of  water,  and  the  relative  fall,  by 
48116  lb.  and  divide  the  product  by  SOOO,  if 
there  be  two  millstones,  by  3000  if  three,  and 
80  on ;  the  quotient  w  ill  be  the  weight  of  the 
equipage  of  each  millstone. 

To  determine  the  radius  of  the  wheel  that 
drives  the  trundles,  find  first  the  radius  of  the 
millstones  by  the  rules  already  given,  and  hay« 
ing  added  it  to  half  the  distance  between  the 
two  neighbouring  millstones,^  subtract  from 
this  sum  the  radius  of  the  lantern,  which  may 
be  taken  at  pleasure,  and  the  remainder  will 


*  This  quantity  may  be  taken  at  pleasure,  and  should  nerer  be 
ieca  than  2  feet»  howerer  great  be  the  number  of  the  mUl-t tones. 
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be  tlie  radius  required  when  there  are  iwo  mill- 
stones.  But  when  there  are  three  millstones^ 
'  or  four,  or  live,  or  six,  before  subtracting  the 
radius  of  (lie  lantern,  divicte  the  sum  by  O.Sfrt, 
0.705,  0.587,  or  0.5,  respectively. 

The  mean  radius  of  the  water-wheel  maybe 
found  hy  multiplying  the  square-root  of  the  re- 
lative fall  by  tlie  radius  of  tlie  millstone,  by  the 
radius  of  the  wheel  that  drives  the  trundles,  and 
by  231,  and  then  dividing  the  jiroduct  hy  the 
radius  of  the  lantern  multiplied  by  1000,  the 
quotient  will  be  the  wheel's  radius.  It  may 
happen,  however,  that  the  diameter  of  the  wheel 
found  in  this  way  will  be  loo  i^reat.  When  this 
is  the  case,  we  may  be  cerUiiu  that  the  radium 
of  the  lantern  has  been  taken  too  small.  la 
order  then  to  get  a  less  value  for  the  wheeP^ 
radius,  increase  a  little  the  radius  of  the  Ian- 
tern,  and  find  new  numbers  both  for  the  water- 
wheel,  and  that  whicli  drives  the  trundles,  by 
the  preceding  rule.  It  may  happen,  also,  that 
in  giving  an  arbitrary  value  to  tlie  radius  of  the 
lantern,  the  diainctcrof  the  wheel  found  by  the 
rule  may  be  too  small,  that  is,  less  than  seven 
times  the  breadUiof  the  mill-course  at  the  bot- 
tom of  the  fall.  When  this  takes  place,  make 
the  diameter  of  the  water-wheel  seven  times 
the  width  of  the  mill-course,  and  you  may  find 
the  radius  of  the  other  wheel  and  lanterns  by 
the  following  rules. 

1.  To  find  the  radius  of  tlie  wheel  that  im- 
pels the  trundles  ;  add  the  radius  of  the  mill- 
stone to  half  the  distance  between  any  two  ad- 
joining millstones  for  a  first  quantity.  Multi- 
ply the  squ-ire-roor  of  the  relativ**  fall  hy  the 
radius  of  the  millstone  and  by  .231^  aud  hav- 
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ing  flivided  the  product  by  the  radius  of  the 
\vater- wheel,  add  unity  to  the  quotient,  and 
multiply  the  sum  by  1.  if  there  be  two  mill- 
stones, by  .864  if  three,  by  .705  if  four,  by 
.587  if  five,  and  by  .5  if  six,  and  the  result 
will  be  a  second  quantity.  Divide  the  first  by 
the  second  quantity,  and  the  quotient  will  be 
the  radius  of  tlie  wheel  that  drives  the  trundles. 

S.  To  find  the- radius  of  the  lantern,  multi- 
ply the  radius  of  the  wheel  as  found  by  the 
preceding  rule,  by  tiie  square-root  of  the  rela- 
tive fall,  and  by  .231,  and  divide  the  product 
by  the  radius  of  the  water-wheel,  the  quotient 
will  be  the  lantern's  radius. 

By  the  rules  formerly  given  find  the  quanti- 
iy  of  meal  ground  by  one  millstone,  and  hav^ 
ing  multiplied  this  1)y  tlie  number  of  millstones^ 
the  result  will  be  the  quantity  ground  by  the 
compound  mill. 

If  the  equipage  of  the  millstone  of  a  vertical 
mill,  as  found  in  p.  165,  should  be  too  great^ 
that  is,  if  it  should  require  too  large  a  millstone, 
flien  w^e  must  employ  a  double  mill,  like  that 
which  is  represented  in  Plate  VII.  Fig.  4'* 
Vol.  I.  or  one  which  has  more  than  two  mill- 
stones. 

In  order  to  know  the  equipage  of  each  mill- 
stone, find  it  by  the  rule  for  a  single  mill,  and 
having  multiplied  the  quantity  by  .9-*7?  divide 
the  product  by  the  number  of  millstones,  and 
tlie  quotient  will  be  the  equipage  of  each  mill-  ^ 
stone. 

The  radius  of  the  wheel  J»,  Plate  VII.  Fig. 
4.  Vol.  I.  will  be  found  by  the  same  nile  which 
was  given  for  horizontal  mills  ;  but  it  must  be 
attended  to,  that  the  lantern,  whose  radius  is 
there  employed;  is  not  BB^  but  FG  or 
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To  ddieminefhe  oie«n  ndiua  of  the  lai^ 
'^     .  Bpur-wiieel  •d.A^  which  is  fixed  opoii  the  aiber 

of  ihe  water- wheels  miiltiplymg  the  squtre  of 
^>'  the  radius  of  the  lantems  VG  or  BU^  by  th» 

radius  of  the  water- wheels  and  also  by  48(M^ 

and  a  first  quantity  will  be  had.    Multiply  ih|S. 

aquare-root  of  the  relative  fall  by  the  radius  of 

oikB  of  the  millstones^  by  the  radius  of  Ufr 
f^'  mikeel  Hj  and  by  iOOO^  and  a  second  quantiiiy 

^    ,  wiU  be  obtained.    Divide  the  first  quantity  bjT 

the  second^  and  the  quotient  will  be  the  metC 
#'  iradius  of  the  wheel  .O. 

;  ^  The  quantity  of  meal  ground  by  a  componadt 

.V  '  mill  of  wis  kind  is  found  by  the  same  rule  thit^ 

was  employed  for  compound  mills  driven  bjr  a 

liorizontal  water-wheel. 


On  breasUmiUs. 


A  breast  water-wheel  partakes  of  the  nat_ 
^'^^^^^  both  of  an  overshot  and  of  an  undershot  wheel 
it  is  driven  partly  by  the  impulse^  but  chieiy 
*-ij^.,  by  the  weight  of  the  water.  Fig.  1.  represejDii^^: 

a  water-wheel  of  this  description,  where  MG;  ' 
^\,M  is  the  stream  of  water  falling  upon  the  fioal^ 
board  Oy  vrith  a  velocity  corresponding  to  ths 
^  beiglit  mn^  and  afterwards  acting  by  its  weiriit 
upon  the  floatboards  between  o  and  B.  \bb 
null-course  oB  is  concentric  with  the  whddj 
wbich  is  fitted  to  it  in  such  a  manner  .that  veii;;^ 
^^^'  water  is  permitted  to  escape  at  the  sideii 


1 
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and  extrenuties  of  the  fioat^boards.  The  effeciiyi 
of  a  millwivrai  in  this  manner^  is  eqoal^  ac«  1 
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bnrdin^  to  Mr.  Bmeaton^  >  to  the  etbei^  ^  ^^ 
^^dersbot  mill^  whose  head  U  equal  to  the 
frdifferthce  of  level  between  the  surface  of  wa-^ 
^  tor  in  the  resetrolrand  the  point  where  it 
\  strikes  the  wheel,  added  to  that  of  an  oveF^ 
^  jriiot^  whose  height  is  equaT  to  the  differento 
^ftf  level  between  the  point  where  it  strikes 
^Jhe  wheel  and  the  level  of  the  tail-wtter.^* 
Fhat  is^  the  effect  of  the  wheel  A  is  equal  to. 
^}^  of  an  undershot  wheel  driven  by  k  fatj^of 
illiier  equal  to  mn^  added  to  that  Of  an  tsirer- 
d|o(  wheel  whose  height  is  equal  to  nD.  'M; 
Efwbert,  of  the  Academy  of  Sciences  at  Ber- 
ihyf  has  shown^  that  when  the  floatboards  ar- 
i^  at  the  position  op,  they  should  be  horkon- 
)fXf  or  the  point  f  should  be  lower  than  .9^  in 
iirder  that  the  whole  space  between  any  iwfi 
l4jacent  floatboards  may  be  filled  with  waitoi^; 
iild  that  Cm  should  be  equal  to  the  depth  of 
ike  floatboards.  He  observes  also^  that  a  breast- 
||j|keel  should  be  used  when  the  fall  of  water  is 
^e  fourfeet^  i|.nd  below  ten^  provided  the 
large  of  water  be  sufiiciently  (y)pious ;  that 
idershot  wheel  should  be  {jyeferred  when 
ifail  is  below  four  feet^  and  an  overshot  wheel 
va  the  fall  exceeds  teq  feet ;  and  that,  when 
fall  exceeds  13  feet^  it  should  be  cUvided 
two^  and  two  breast-mills  erected.  '  ThiS; 
IWirever^  is  only  a  general  rule,  whicli  maiiy 
llrenmstances  may  render  it  necessary  to  ot^jn 
bdk.  The  following  table,  which  may  be'  of 
Hnential  utility  to  the  practical  mechanic^  id 
■Aeolated  from  the  formulae  of  Lambert,  and 
ipdiibits  at  one  view  the  reisfult  of  l|)is  inveati-* 
lltions. 

*  Sroeaton  on  Mills,  Scholium^  p.  36. 

t  Noi^fenis  Memoires  de  VACMi^eatut  de  Berib,  1775,  p.  71. 
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It  is  evident  from  the  preceding  table^  that,  E^^.^ 
when  the  height  of  the  fall  is  less  than  three  feet^ 
the  depth  of  the  floatboards  is  ^o  great,  and  their 
breadth  so  small,  thatthe  breast-mill  cannot  well 
be  employed ;  and,  on  the  contrary,  when  the 
height  of  the  fall  approaches  to  10  feet,  the  depth 
W  the  floatboards  is  too  small  in  proportion  to 
their  breadth.  These  two  extremes,  therefore, 
must  be  avoided  in  practice.  The  last  column 
contains  the  quantity  of  water  necessary  for  im- 
pelling the  wheel,  but  the  total  expensQ  of  water 
should  always  exceed  this,  by  the  quantity,  at 
least,  which  escapes  between  the  mill-course  and 
the  sides  and  extremities  of  the  floatboards. 

Mr.  Siebike,  son  of  tji^  inspector  of  mills  at 
Berlin,  has  given  the  following  dimensions  of 
an  excellent  breast  water-wheel,  differing  very 
little  from  that  which  is  represented  in  Fig.  1. 
The  water,  however,  instead  of  falling  through 
the  height  Cn,  which  is  16  inches*  lihynland 
measure,  is  delivered  on  the  floatboard  op^ 
through  an  adjutage  6^  inches  high.  The  height 
nD  is  4  feet  2  inches ;  consequently,  the  whole 
height  CI)  must  be  5^  feet.  The  radius  of 
the  wheel  AB  is  6^  feet,  the  breadth  of  each 
floatboard  64  inches,  and  its  depth  S8  inches. 
The  point  P  of  the  wheel  moves  at  the  rate  of 
7,888  feet  in  a  second.  The  expense  of  water 
in  a  second  is  5,S66  cubic  feet,  and  the  force 
upon  the  floatboards  356  pounds  avqirdupois.- 
The  turning  millstone  weighed  1976  pounds 
avoirdupois;  itsdip.iucter  was  3  feet  84  inches, 
and  it  performed  2|  revolutions  in  a  second. 

•  A  Rhynland  foot  is  to  an  English  foot  as  1033  to   1000,  c^ 
jnc  Rhynland  foot  la  cquuL  to  12  inches  and  4  lines  English. 
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MECHANICS. 

Practical  Remarks  on  the  Performance  and 

m 

Construction  of  Overshot  Water -wheels* 


On  the  method  of  computing  the  effective  power 
of  overshot  wheels  in  turning  machinery. 

IN  overshot  mills^  where  the  wheel  is 
fnoved  by  the  weight  of  the  water  in  the  buckr 
ets,  each  bucket  has  a  different  power  to  turn 
the  wheel ;  and  this  power  is  proportioned  to 
the  distance  of  the  bucket  from  the  top  or  bot- 
tom of  the  wheel ;  or^  more  accurately^  to  the 
sine  of  the  arch  contained  between  the  centre 
of  the  bucket  and  the  top  or  bottom  of  the 
wheel,  according  as  the  bucket  is  above  or  be- 
low its  centre.  The  bucket,  for  instance,  pla- 
ced upon  the  top  of  the  wheel,  has  no  power  to 
turn  it;  the  bucket  next  to  this  contributes  but 
a  little  to  turn  the  wheel,  because  it  is  virtual- 
ly placed  at  the  extremity  of  a  very  short  le- 
ver; whereas,  the  bucket,  which  is  equally 
distant  from  the  top  and  bottom  of  the  wheel, 
and  which  is  level  with  the  centre,  has  the 
greatest  power  to  turn  it,  because  it  acts  at  the 
extremity  of  a  lever  equal  to  the  wheel's  semi- 
fliameter.  If  we  suppose,  then,  that  each  buck- 
rt  contains  one  gallon  of  water,  equal  iu  weight 
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to  10.3  pounds  avoirdupois ;  we  may^  by  the 
simplest  operations  in  trigonometry^  compute^ 
in  pounds  avoirdupois^  the  power  which  each 
jbucket  exerts  in  turning  the  wheel ;  and,  by 
taking  the  sum  of  these^  M^e  will  have  the  ef- 
fective weight  of  the  water*^  in  the  buckets^ 
and^  consequently,  its  proportion  to  the  real 
weight  of  the  water,  with  which  the  semi-cir- 
cun^erence  of  the  wheel  is  loaded.  Those 
who  choose  to  make  this  calculation,  will  find^^ 
^that  the  total  weight  of  water  upon  the  semi- 
circumference  of  an  overshot  wheel  is  to  the 
effective  weight  as  1  to  .637 ;  but,  as  two  or 
three  of  the  buckets  at  the  bottom  of  the  arch 
are  always;  empty,  the  proportion  will  rather' 
be  as  1  to  .7^  nearly.  From  these  principles, 
l^e  may  deduce  the  follo^ving  method,  simpler 
than  any  hitherto  given,  of  computing  the  ef- 
fective weight  of  water  upon  overshot  wheels 
of  any  diameter. 

Rule.— Multiply  the  constant  number  6.13 
)by  half  the  number  of  buckets,  and  this  pro- 
duct by  the  number  of  gallons  in  each  bucket, 
and  the  result  will  be  the  elective  weight  of 
ihe  water  upon  the  wheel,  three  buckets  beiug 
(supposed  empty  at  the  bottom.  This  rule  is 
pretty  accurat)^  for  wheels  from  20  to  33  feet 
in  diameter.  But  when  *  the  diameter  of  the 
wheel  is  less  than  30  feet,  the  answer  given  by 

•  This  phrase  which  is  used  by  practical  mechanics,  is  vcry 
exceptionable ;  as  every  drop  of  water  in  the  buckets,  except 
that  in  the  vertical  bucket  is  effective.  By  the  effective  weight 
of  the  water,  therefore,  we  must  understand  that  weight  which, 
if  suspended  at  the  opposite  extremity  of  the  wheel,  would  keep 
it  in  equilibrio,  or  balance  the  loaded  arct^ 
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the  rule  must  be  diminished  one  pound  avoir- 
dupois for  every  foot  which  the  wheel  is  less 
than  SO. 

Suppose  that  it  is  required  to  find  the  effec- 
tive weight  of  water  upon  a  wheel  of  18  feet  in 
diameter^  having  40  buckets,  each  containing 
two  gallons  ale-measure.  Then  6.1Sx30x3= 
S44.8.  But,  as  the  diameter  of  the  wheel  is  2 
feet  below  SO,  we  must  deduct  2  pounds  froiii 
the  preceding  answer,  and  the  result  will  be 
S4^.8  pounds  avoirdupois.  0 


On  the  performance  of  overshot  and  undershot 

mills* 

From  a  number  of  accurate  experiments 
made  by  the  ingenious  Mr.  Fenwick,  upon  a 
variety  of  excellent  overshot  mills,  it  appears^ 
that  when  the  wr.tcr- wheel  is  SO  feet  in  diame- 
ter,  393  gallons  of  water  per  minute  (ale-mea* 
sure)  will  grind  one  boll  of  corn  per  hour 
(Winchester-measure) ;  675  gallons  per  min- 
ute will  griud  S  bolls  ;  945  gallons  will  grind 
3  bolls ;  1S70  gallons  will  grind  4  bolls,  and 
16S3  gallons  will  griud  5  bolls.  From  these 
data  it  will  be  easy  to  compute  the  perform- 
ance of  an  overshot  mill,  whatever  be  the  dia- 
meter of  the  wheel  and  the  supply  of  water. 

ExAMPLK  4. — Let  it  bo  required  to  find  how 
many  bolls  of  corn  will  be  ground  by  an  over- 
fc»hot  mill,  driven  by  a  wheel  35  feet  in  diame- 
ter, upon  which  1150  gallons  of  water  arc  dis- 
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ehfurged  in  a  minute^   Say  as  the  nearest  nnm- 

'^'         Galls.     BolU.     Galls.         Bolls. 

ter  1S70  :  4  =  1190  :  8:6S,  the  quantity. of 
corn  ground  by  a  wheel  SO  feet  in  dJAineter. 
Then  to  find  the  quantity  which  a  25  feet  wheel 

Feet.    Bolls. 

will  grind :  say^  as  SO  t  8.63=S9  :  4f.5S  bolls^ 
the  answeif  reqtiiredx 

JKxAMPLE  S. — If  it  be  required  to  grind  8'| 
Mb  of  cor%  where  the  stream  discharges  SSSO 
.jjUlons  in  a  minute^  what  must  be  ihiB  diame- 
tir  of  the  wheel  ?  Find  the  number  of  gallons 
wMeli  a  SO  feet  wheel  will  require  for  grinding  jjj 

flie  given  quantity  of  corh  by  the  following  fj^-  ' 

Bolls.    GalU.    Bolls.     Galls. 

portion.    As  4< :  lS70i=3.5  :  1111.    Then^  by 

Galls.     Feet.    Galls. 

inverse  proportion^  1111  :  S0=3SS0  :  10  feet^ 

the  diameter  of  the  wheel  required.  *    ^ 

In  order  to  find  the  proportionate  quantity  of 
eom  ground  by  an  undershot  mill^  the  wheel 
and  quantity  of  water  being  the  same  as  in  an 
overshot  mill ; — ^divide  the  quantity  ground  in  .  . 
il^e  overshot  mill  by  S.4,  and  the  quotient  will  ^ 
lie  the  answer.   If  it  be  required  to  know  what 
«4Ee  of  wheel  is  necessary  for  making  an  un- 
wrshot  mill  grind  a  certain  quantity  of  com^ 
'ibe  supply  of  water  being  given ;  find  the  size 
off  an  overshot  wheel  necessary  for  pAdueing 
the  same  effect,  and  multiply  this  by  S.4 :  the  . 
product  will  be  the  required  diameter  of  thct 
undershot  wheeL 
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On  the  formation  of  buckets^  and  the  propet 
velocity  of  overshot  wheels. 

ptiTK  Let  mIM  be  part  of  tlie  slirouding  or  ring  of 

l™^  buckets  of  an  overshot  wheel;  GOFABCD  is 
the  form  of  one  of  these  buckets.  The  shoul- 
der AB  of  the  bucket  should  be  one  half  of 
Ji^y  the  depth  of  the  shrouding ;  JlF  should 
be  i  more  than  .iE.  The  arm  BC  of  the 
bucket  must  be  so  inclined  to  ^IB^  that  MC 
may  be  ^  of  dE ;  and  CU^  the  wrist  of  the 
buqfLet^  must  make  sucli  au  angle  with  BCn^ 
tlie  direction  of  the  arm^  that  Dn  may  be  ^  of 
En. 

A  very  considerable  improvement  in  the 
construction  of  the  bucket  has  been  made  by 
Mr.  Robei-t  Bums^  at  Cartside,  Renfrewsliire. 
He  divides  tiie  bucket  by  a  partition  niBy  of 
such  a  height,  that  the  portions  of  the  bucket 
on  each  side  of  it  may  be  of  equal  capacity. — 
Dr.  Robison  observes,  that  this  principle  is  sus- 
.  ceplible  of  considerable  extension,  and  recom- 
mends two  or  more  partitions,  particularly 
when  the  wheel  is  made  of  iron.  By  this  means 
the  fluid  is  retained  longer  in  the  lower  buck- 
ets, and  when  there  is  a  small  supply  of  water, 
it  may  be  delivered  into  the  outer  portion  of 
the  bucket,  which,  being  at  a  greater  distance 
from  the  centre  of  motion,  increases  the  power 
of  tlie  water  to  turn  the  wheel.  Dr.  Robisou 
advises,  that  the  rim  of  the  wheel,  and,  conse- 
quently,  the  breadth  of  the  buckets,  should  be 
pretty  large,  in  order  that  the  quantity  of  wa- 
ter which  they  receive  from  the  spout  may  not 
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nearly  fill  the  Imckef.  The  spout  which  con- 
veys  the  water  should  be  cotisideralily  narrow- 
er than  the  breadth  of  the  bucket ;  and  the 
shouhler  AB  should  be  perforated  with  a  few 
holes^  in  order  to  prevent  the  water  from  being 
lifted  up  by  the  ascending  buckets.  The  dis- 
tance  of  the  spout  from  the  receiving  bucket, 
should,  in  general,  be  two  or  three  inches^  that 
the  water  may  l)e  delivered  with  a  velocity  a 
little  greater  than  tliat  of  tlie  rim  of  the  wheel; 
otherwise  the  wheel  will  be  retarded  by  tho 
impulse  of  the  buckets  against  the  stream,  and 
much  poM'er  would  be  lost  by  the  water  dash- 
ing over  them.* 

The  proper  velocity  of  an  overshot  wheel  i:-? 
ft  point  upon  which  some  celebrated  mechani- 
cians have  entertained  diff'erent  sentinients. — 
From  a  variety  of  experiments,  Mr.  Smeaton 
infers,  in  general,  that  the  circumference  of  the 
wheel  should  move  with  the  velocity  of  a  little 
more  than  ^  feet  per  second.^ — ^  Experience,' 
savs  he,  '  confirms,  that  this  velocitv  of  three 

*  feet  in  a  second  is  applicable  to  the  highest 
^  overshot  wheels,  as  well  as  the  lowest ;  and. 

*  all  other  ])arls  of  the  work  being  properly 

*  adapted  thereto,  will  produce  very  nearly  tlie 
'  greatest  effect  possible  ;  however,  this  also  isf 
^  certain,  from  exiierience,  that  high  wheels 
'  may  deviate  farther  from  this  rule  before  they 

•  If  tlic  spout  be  07ie  inch  ami  sevcn-tr-nt/is  above  tbe  rcccivintj 
bucket,  it  will  deliver  tiie  waicr  witb  the  velocity  of  tlie  wheel, 
that  i«i  about  ihree  feci  jjersecoiul.  In  order,  li»erefore  tomukc 
llie  velocity  of  the  water  ixct-ed  :i  lililr  that  of  the  wlieci,  the 
Iieij^lit  of  the  spout  should  be  2 J  inches,  and  die  water  will 
move  at  the  rate  of  3  ft  et  seven  inrhts  per  second.  Dr.  Kobisoi: 
recommends  3  or  4  inches;  but  this  is  evidently  too  great,  as  ^ 
inches  gives  a  velocity  of  1  feet  7  inches  per  setund. 
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^  will  lose  their  powers  by  a  given  aliquot  part 
^  of  the  whole,  than  low  ones  can  be  admitted 
^  to  do  ;  for  a  wheel  of  24  feet  high  may  move 
^  at  the  rate  of  six  feet  per  second,  without 
'  losing  any  consi(k*rable  part  of  its  power ; 
^  and,  on  llie  other  hand,  1  have  seen  a  wheel 

*  of  38  feet  higli,  that  has  moved  very  steadily 

*  and  w»»ll  witli  a  veloritv  but  little  exceeding 
^  2  feet.*-  M.  Deparrieuxf  sliows,  tliat  most 
ivork  is  performed  by  an  overshot  mill  when 
it  moves  slowlv,  and  lliat  the  more  we  retard 
its  motion  by  ijicroasiiig  the  work  to  be  per- 
formed,  the  greater  will  be  the  performance  of 
the  wheel. 

This  important  conclusion  was  deduced  by 
Deparcieux,  from  expiM'iments  made  upon  a 
small  wheel  20  inches  in  diameter,  furnished 
with  48  buckets  which  received  the  water  like 
a  breast-wheel.  On  the  axis  of  this  wheel 
"were  j>laced  cylinders  of  diilerent  sizes,  the 
smallest  bcin:r  one  inch,  and  the  larurest  four 
inches,  in  (liameter,  around  which  was  wrap- 
ped a  cord,  with  a  wei2;ht  attached  to  it.J 
When  the  one  inch  cylin<lcr  was  used,  a 
"Weight  of  12  ounces  was  elevated  to  the  height 
of  fii)  inches  and  9  liiies;  and  a  weight  of  St^ 
ounces  was  elevated  40  inches.  When  the 
four  inch  cylinder  was  enqdoyed,  a  weight  of 
12  ounces  was  raised  to  the  altitude  of  87 
inches  and  9  lines,  and  a  weight  of  2i  ounces 

*  Smcalon  on  MiUs,  p.  33. 

t  Mcmoiros  de  rAcadcniie  dcs  Sciences,  1754,  p.  603,  6ri, 
4to.  p.  9,?«,  103o,  8vo. 

t  The  moilcl  employed  in  Mr.  Smcat-  n's  experiments  rcscna- 
I'lcs  very  much  Uiui  of  Deparcieux,  lliough  tiicir  experimenis 
were  made  about  the  same  time. 
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to  the  height  of  45  inches  and  3  lines.  From  * 
these  results,  it  is  evident,  that,  with  the  four 
inch  cylinder,  when  the  motion  was  sloAvest^ 
the  eflect  was  greatest ;  and  that,  when  a  dou- 
ble weisrht  was  used,  whicli  diminished  the 
wheel's  velocity,  the  eiFect  was  increased,  the 
weight  heing  raised  to  more  than  half  its  form- 
er height.* 

This  increase  of  performance,  by  diminish- 
ing the  wheel's  velocity,  has  been  ascribed  to 
different  causes.  Deparcieux  and  Brisson  ac- 
count for  it  by  saying,  that  wlien  the  motion  of 
the  wheel  is  slow,  the  same  portion  of  water 
acts  more  efficaciously.  Dr.  Robisou  and  Mr. 
Smeaton  ascribe  it  to  a  greater  quantity  of  wa- 
ter pressing  on  the  wheel ;  for,  when  the 
wheel's  motion  is  slow,  the  buckets  receive 
more  water  as  they  pass  the  spout.  One  of 
the  most  poworfnl  causes,  however,  is  a  dimi- 
nution of  tlic  centrifugal  force  of  the  water  in 


•  Mr.  Jean  Albert  Euler,  whose  memoir  on  the  best  method  of 
employ iii^  the  tiirre  of  wati-r  antl  other  fluiils,  p^anied  the  prize 
proposed  by  tlie  Hoyal  Society  of  (ioiiinj^en  in  1754 ;  has  also 
shown;  that  the  more  slowly  an  overshot  or  breast-wheel  witU 
buckets  movts,  the  greater  will  be  its  performance.  See  the 
J9ttrnal  Etrtm^ei;  Decernbre  l7o6.  Mr.  Smeaton,  too,  deduces 
from  his  experiments  this  };"encral  rulj,  that,  cxtevin  paribuSy  the 
less  the  velocity  of  the  wheel,  the  p^ivatcr  will  be  its  eflect.  Hut 
he  observes,  on  the  other  h.iiul,  that  when  the  wheel  of  his  model 
made  about  twenty  turns  in  a  minute,  the  ciT'ect  was  nearly  the 
greatest.  When  it  made  thirty  tunis  the  effect  was  diminished 
about  one  twentieth  part ;  and  that  when  it  made  forty,  it  was  di- 
minished about  one  (piarier.  When  it  made  less  than  eig^hteen 
and  a  quarter  turns,  its  motion  was  irregular ;  and  when  it  was 
loaded  so  as  not  to  admit  its  making*  eighteen  turns,  the  wheel 
ifiras  ovei-powered  by  its  load.  Smeaton  on  MiUs,  p.  33.  For  fur- 
ther information  on  this  subject,  we  must  refer  the  reader  to  the 
orig'inal  memoir.^  quf)ted  above;  in  the  first  of  which  Deparcieux 
proves  h^s  point  by  reasoning,  and  in  the  second  by  experiment  i 
or  to  Bn^son's  Traitt  dv PhvHiqueyTom.  1.  p.  306.  Edit.  3.  where 
there  is  a  general  view  of  Dcparcicux's  experiments. 
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tlatz      the  buckets ;  for  when  the  velocity  of  the  wheel 

xxxix.    jg  great,  the  water,  receding  from  tlie  centre, 

is  thrown  oat  of  the  buckets,  and  they  aro 

emptied  sooner  than  they  would  have  been^ 

had  the  wheel  moved  with  less  velocity. 

In  the  memoirs  of  tlie  academy  of  Berlin  for 
ITT^^^j  M.  Lambert  has  published  a  dissertatioa 
on  the  theory  of  overshot  mills ;  but  does  not 
seem  to  be  in  the  least  degree  acquainted  with 
the  improvements  which  have  been  made  upoii 
them  in  this  country.  He  supposes  the  buck- 
ets to  have  the  form  GFfg^  so  that  about  one 
quarter  only  of  the  circumference  of  the  wheel 
Fiff.4.  is  filled  with  water.  Notwithstanding  these 
circumstances,  however,  the  following  tabic, 
computed  from  his  formulse,  may  be  of  consi* 
derablc  advantage  to  the  mill-wrighl. 
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M.  Lc  Chevalier  de  Borda,  in  his  excellent 
memoir  on  water-wheels,*  has  shown,  thatover- 
shot  wheels  will  produce  a  maximum  efTcct, 
when  their  diameter  is  equal  to  the  greatest 
height  of  the  fall,  when  the  water  enters  the 
buckets  on  a  level  with  the  surface  of  the  reser- 
voir or  canal,  and  when  thevcloeity  of  the  wheel 
is  infinitely  small.  But,  though  the  greatest 
possible  effect  can  be  produced,  only  when 
these  conditions  are  observed,  yet  a  small  de- 
viation from  them,  which  is  alisolutely  neces- 
sary in  practice,  does  not  greatly  diminish 
their  performance.  If,  for  example,  we  sup- 
pose the  waterfall  to  be  13  feet,  and  the  dia- 
meter of  the  wheel  only  11  feet,  so  that  the 
water  falls  throu.Ji  the  space  of  one  foot  be- 
fore it  enters  the  buckets  ;  and,  if  we  suppose^ 
also,  that  25  degrees  of  the  semi-circumference 
of  the  wheel  are  unloaded,  while  the  remain- 
ing iDo  degrees  are  filled  with  water;  then, 
when  the  wheel  has  a  velocity  of  four  feet  per 
second,  the  maximum  effect  is  diminished 
only  -j-^th;  and,  if  the  velocily  be  augmented 
to  six  feet  per  second,  the  diminution  amounts 
only  to  one-tenth  of  the  greatest  possible  ef- 
fect. 

In  practice,  however,  a  fall  of  two  or  three 
inches  is  sulTficient ;  so  that,  if  the  wheel,  iu 
the  |)receding  example,  had  been  made  II  feet 
9  inches,  thi*  diminution  of  effi  ct  would  have 
been  still  more  inronsi<lerahle. 

In  comparing  the  relative  effects  of  water- 
wheels,  the  Chrvalier  d(»  Borda  ol)«^erves,  that 
overshot  wheels  will  raise  thrih!.r*i  the  heis:ht 
pf  the  fall,  a  quantity  of  w  ater  ecjual  to  that  by 

•  Mcinoircs  de  TAcad.  Roy.  Par.  1767,  4to.  p.  286. 
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^hich  they  are  driven ;  that  nndenhot  vertical 

!rhe^  will  produce  oply  |  of  this  effect ;  that 
orizontal  wheels  will  produce  a  little  less 
ihan  one  half  of  it  when  the  floatboards  are 
ilane,  and  a  little  more  than  one  half  wiien 
he  floatboards  are  of  a  curvilineal  form. 
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niccount  of  an  Improvement  in  Flour-MillSi 


IN  the  generalily  of  flour-mills  in  Scot- 
land  sind  Eiii;laii(l,  a  considcrahle  quantity  of 
manual  labour  is  necessary  before  the  wheat  is 
converted  into  flour.  When  the  grain  is  ground 
and  conveyed  into  the  trough  from  the  mill- 
stones^ it  is  afterwards  put  into  bags  and  rais- 
ed to  the  top  of  the  mill-house,  to  be  laid  into 
the  cooling  boxes  or  beaches,  from  which  it  is 
conveyed  into  the  bolting  machine,  to  be  sepa- 
rated from  the  bran  or  husk.  Tliis  manual  la- 
bour may  be  saved,  by  adopting  an  improve- 
ment for  which  we  arc  indebted  to  the  ingenui- 
ty of  tlie  American  mill-wrights.  A  large  screw 
is  placed  horizontally  in  the  trough  which  i-e- 
ceives  the  flour  from  the  millstones.  The  thread 
or  spiral  line  of  the  screw  is  composed  of  pieces 
of  wood  about  2  inches  broad,  and  3  Ion:;,  fixed 
into  a  wooden  cylinder  7  or  8  feet  in  lengthy 
which  forms  the  axis  of  the  screw.  When  the 
screw  is  turned  round  this  axis,  it  forces  the 
meal  from  one  end  of  the  trough  to  the  other^ 
where  it  falls  into  another  trousrh,  from  which 
it  is  raised  to  the  top  of  the  mill-house  by  means 
of  elevators,  a  piece  of  machinery  similar  to  the 
chain-pump.  These  elevators  consist  of  a  chaia 
of  buckets  or  concave  vessels  like  large  teacups, 
fixed  at  proper  distances  upon  a  leathern  band, 
which  goes  round  two  w  heels,  one  of  which  is 
placed  at  the  top  of  the  mill-liousc;  and  the 
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other  at  the  bottom^  iii  the  meal-trough.  When 
the  wheels  are  put  iu  motion^  the  band  re- 
volves, and  the  buckets^  dipping  into  the  meal- 
trough,  convey  the  flour  to  the  upper  story, 
"ivhere  they  discharge  their  contents.  The 
band  of  buckets  is  inclosed  in  two  square  box- 
es, in  order  to  keep  them  clean,  preserve  them 
from  injury,  and  especially  to  prevent  any 
waste  of  flour.^ 


*  The  inventor  of  the  abbvc  patent  iniprovement  is  the  ingeni- 
€ius  Oliver  A'v£i7iff,  of  Pliiladclphia  ;  from  whom  the  editor  of  this 
cditifin  has  ohlaincd  the  followinfj  brief  description. 

"The  grain  is  emptied  from  the  v/ug'jyon  into  a  spout  project- 
ing tlirough  the  wall  of  the  mill-housc,  by  which  it  descends  in- 
to  a  hopper  hung"  to  a  scale-beam  :  and,  when  weighed,  a  gate  ia 
drawn  to  let  it  descend  intoUie  g.-tnu-eAevatorf  wliich  raises  it  to 
the  upper  story,  and  deposits  it  in  a  garner  over  the  rolling 
screen  (op  in  any  other  store-room),  from  this  it  descends  through 
the  machinery  adapted  to  clean  it,  and  is  deposited  in  a  garner 
over  the  millstones,  from  which  it  descends,  is  ground.,  and  the 
meal  falls  into  the  convenor  ;  whence  it  is  conveved  from  the  sc- 
vera!  pairs  of  millstones,  as  ground,  into  tlie  ntetil-elcvator,  which 
raises  it  to  the  rfjoUng-Jloor  and  deposits  it  within  the  reach  of  the 
hopper-buy  ;  this  bpreads  it  over  the  surface  of  a  large  circle,  ga- 
thering it  at  the  same  time  towards  the  centre,  in  a  gradual  spi- 
ral manner,  stirring  it  continually,  exposing  it  to  the  air  to  cool 
and  drj',  and  supplying  the  bolting-hopper  very  regularly.  That 
part  of  the  flour  whicii  requires  to  be  bolted  over  again,  to  im- 
prove its  quality,  is  raised  h\  ^nolhcr  elevator,  and  likewise  de- 
posited within  reach  of  the  hopper-boy,  which  mixes  it  with  the 
meal  coming  from  ihe  millstones :  and  thus  the  bolting  is  complet- 
ed at  one  operation;  and  the  flour  being  brought  to  its  best  qua- 
lily,  is  deposited  in  the  pacicinfi'-clu'^e.  The  v.liole  Is  done  with 
the  machinery  moved  by  tlie  wutcr,  and  without  manual  labour^ 
from  the  time  the  grain  is  implied  from  bags  in  the  waggon,  until 
it  is  completely  manufactured  into  superfine  flour,  of  the  best 
quality,  that  can  be  niudc  of  the  grain;  and  (if  the  machinery  be 
properly  constructed)  withc)ui  waste  of  eitiier  grain  or  meal.  A 
mill  furnished  with  these  improvements,  can  he  attended  by  less 
tfian  half  the  usual  number  of  millers,  and  is  much  better  prepa- 
red for  carrj'ing  on  large  and  extensive  business. 

This  machinery,  if  properly  couhtructed,  will  be  long  found  to 
be  more  dural>l(>,  and  Itss  subject  to  want  repair  than  the  other 
moving  parts  of  :i  flour-null.  For  u  full  doscrlpiion  uf  the  whole, 
with  directions  for  constructing  every  part  thereof,  sec  the  .Mill- 
wrjg'ht's  and  Miller's  Guide,  a  work  published  by  the  invivtor 
—A.  Kd. 
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On  the  Formation  of  the  Teeth  of  Wheels  and 

the  Leaves  of  Pinions. 


THOUGH  nothins;  is  more  essential  to 
the  perfection  of  machinery  than  the  proper 
formation  of  the  teeth  of  wheels,  and  those 
parts  of  engines  by  which  their  force  and  ve- 
locity are  conveyed  to  other  parts ;  yet  no 
branch  of  mechanical  science  has  been  more 
overlooked  by  the  specnlative  and  practical 
mechanics  of  this  conntry.  In  vain  do  we 
search  our  systems  of  experimental  philosophy 
for  information  on  thin  point.  Their  authors 
seem  either  to  be  unaccpiainted  with  the  sub* 
ject,  or  to  reckon  it  beneath  their  notice; 
thougli  it  has  engaged  the  attention  of  De  la 
Hire,  Camus,  ancl  other  foreign  academicians^ 
who  have  written  very  ingenious  dissertations 
on  the  formation  of  the  teeth  of  wheels.  It  is 
in  the  memoirs,  indeed,  of  these  philosophers^ 
that  all  our  knowledge  upon  this  subject  is 
contained,  if  we  except  a  few  general  remarks 
by  the  learned  JDr.  Kobison,^ 

•  Two  inpfcnioiis  mcmo>3  have  also  been  written  upon  this  sub- 
ject l)y  A.  ii.  Kai'slncr,entillotl,  Df  Dentibna  Jiotamm,  and  pub- 
Lishfilin  the  Conimentationi-s  lic},-.  S«k'.  Gottiiig-entfis,  Vol.  iv.  and 
V.  1781,  &c.  The  celebrated  Eulcr  has  also  treated  this  subject 
witli  great  ubjlity  ill  tlic^'Nwt;.  Comment.  rct)r,pol.  1754,1755,  rowiv- 


Mechanics.  SOS 

It  would  be  easy  to  shew^  did  the  nature  of  p^^t* 
this  work  permit  it,  that  wlien  one  wheel  drives  ^^^^ 
another,  it  is  not  driven  with  a  unifoim  force 
end  velocity ;  or,  in  other  words,  the  one  wheel 
will  act  sometimes  with  greater,  and  sometimes 
with  less  force,  and  the  other  will  move  some- 
times with  a  greater,  and  sometimes  with  a  less 
velocity,  unless  the  teeth  of  one  or  of  both  the 
wheels  be  parts  of  a  curve,  generated  after  the 
manner  of  an  epicycloid,*  by  the  revolution  of 
another  curve  alouji;  the  convex  or  concave  side 
of  a  circle.  It  will  l>e  sufficient  for  our  pre- 
sent purpose  to  show,  that,  when  one  wheel 
impels  another,  by  the  action  of  epicycloidal 
teeth,  the  movements  of  tliese  wheels  will  be 
equal.  Let  the  wheel  B  drive  the  wheel  *J,  Fig.  r^ 
by  the  action  of  the  epicycloidal  teeth  mn^  wiiy 
&c.  upon  the  iniinitely  small  pins  or  spindles 
a,  6,  c,  and  let  the  epicych)ids  ?wn,  &c.  be  ge- 
iiera:ted  by  tlie  circumference  c6a,  moving  over 
the  circumference  m"  vi'  m.  It  is  evident  from 
the  formation  of  the  epicycloid,  that  the  arch 
ab  is  equal  to  the  arcli  m  m'j  and  the  arch  ac 
to  m  m"  ;  for,  wlien  the  part  b  m'  of  the  epicy- 
cloid to'  n'  is  forming,  every  point  of  the  arch 
ab  is  applied  to  every  point  of  the  arch  m  m' ; 
and  the  same  may  be  said  of  the  arch  ac.  Since, 
then,  the  wheels  B  and  .4,  that  is,  the  power 
and  the  \v right,  move  through  equal  spaces  in 
equal  times,  equal  weights  acting  in  opposite 

•  Under  curves  of  this  description  arc  compreliendcd  those 
which  are  formed  by  evolvmi^  ihc  circimfi^rcnccs  of  circles,  for 
it  18  demonstrable  that  t]»csi-  involutes  are  epic  v  \  iih,  the  cen- 
tres of  whose  generating  circles  are  infinitely  distant. 


directions  at  the  points  a  and  m^  will  be  in  equi- 
libiio  :  but^  as  the  power  of  the  wlieel  B  must 
always  be  greater  than  the  resistance  of  the 
wheel  nAf  which  is  put  in  motion,  this  power 
wall^  during  the  wliole  of  the  action,  have  tho 
same  relation  to  the  resistance  wliich  it  over- 
comes, and  the  one  wlieel  will  impel  the  other 
with  a  uniform  force  and  velocity. 

For  the  discovery  of  tliis  property  of  the  epi- 
cycloid, which  Dr.  Robison  erroneously  as- 
cribes to  De  la  Hire,  or  Dr.  Hook,  we  are  in? 
debtedto  the  Danish  astj'<momor  OlausMoemerf 
the  discoverer  of  the  progi'cssive  motion  of  lightj 
and  Wolfius,  upon  whose  authority  this  fact  is 
stated,^  laments  that  the  mechanics  of  his  time 
did  not  avail  themselves  of  the  discovery. 

In  order  to  ensure  a  unift)rmity  of  pressure 
and  velocity  in  the  action  of  one  wheel  upon 
another,  it  is  not  necessary  that  the  teeth  either 
of  one  or  both  wheels  should  be  exactly  epicy- 
cloids. If  the  tcctli  of  one  of  them  be  either 
circular  or  triangular,  with  plane  sides,  or  liko 
a  triangle,  with  its  sides  converging  to  the 
wheel's  centre,  or,  in  short,  of  any  other  form, 
this  uniformity  of  force  and  motion  will  be  at* 
taiued,  provided  that  the  teeth  of  the  other 
wiieel  have  a  figure  which  is  compounded  of 
that  of  an  epicycloid,  and  the  figure  of  the 

•  Ex  codem  fonte  Olaua  Jioemeru 9, cnm  Parisils  commorarelur, 
quamvis  non  sine  subsidio  Ge.molri^  sublimioris,  deduxit  ligu- 
ram  dentium  in  rolis  epicycloidalem  esse  dcbere:  id  quod  post 


celKin.  Bei'olinens.  1710,  p.  315. 
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ieeth  of  the  first  wheeL^  But^  as  it  is  often 
diflieult  to  describe  this  eonipound  curve^  and 
sometimes  impossible  to  discover  its  nature^ 
we  shall  endeavour  to  select  such  a  form  for 
the  teeth  as  may  be  easily  described  by  the 
practical  mechanic^  while  it  insures  a  uniform- 
ity of  pressure  and  velocity.  But,  in  order  to 
^void  circumlocution  and  obscurity,  we  shall 
call  the  small  wheel  (wliich  is  supposed  always 
to  be  driven  by  a  gi*eater  one)  the  pinion^  and 
its  teeth  the  leaves  of  the  pinion.  The  line 
'VFliich  joins  the  centres  of  the  wheel  and  pini- 
on is  called  the  line  of  centres.  Now  there 
are  three  different  ways  in  which  the  teeth  of 
one  wheel  may  act  upon  the  teeth  of  another ; 
and  each  of  these  modes  of  action  requires  a 
different  form  for  the  teeth. 

!•  When  the  teeth  of  the  wheel  begin  to  act 
npon  the  leaves  of  the  pinion  just  as  they 
arrive  at  the  line  of  centres ;  and  when 
their  mutual  action  is  carried  on  after  they 
have  passed  this  line. 

JPL.  When  the  teeth  of  the  w^heel  begin  to  act 
npon  the  leaves  of  the  pinion^  before  they  • 
arrive  at  the  line  of  centres,  and  conduct 
them  either  to  this  line,  or  a  very  little  be- 
yond iU 

^n.  When  the  teeth  of  the  wheel  begin  to  act 
upon  the  leaves  of  the  pinion,  before  they 
arrive  at  the  line  of  the  centres,  and  conti- 
nue to  act  after  they  have  passed  this  line* 

*  M.  de  la  Hire  h?i<i  shown,  in  a  v*riely  of  cases,  how  lo  find 
this  compound  curve. 
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PiATE^  I.  The  first  of  these  modes  of  action  is  re^' 
xxxvin.  commended  by  Camus  and  De  la  Hire,  the  lat- 
ter  of  whom  has  investigated  the  form  of  the 
teeth  solely  for  this  particular  case.  It  is  re- 
Fig.  2.  presented  in  Fig.  2.  wliere  B  is  the  centre  of 
the  wheel,  Jl  the  centre  of  the  pinion,  and  AB 
the  line  of  centres.  It  is  evident  from  the  figure^ 
that  the  part  h  of  the  tooth  ab  of  the  wlieel,  does 
not  begin  to  act  on  the  leaf  in  of  the  pinion,  till 
they  arrive  at  the  line  of  centres  ti^;  and  that 
all  the  action  is  carried  on  after  they  have  pass- 
ed this  line,  and  is  completed  when  the  leaf  m 
comes  into  the  situation  ??.  When  this  mode 
of  action  is  adopted,  the  acting  faces  of  the 
leaves  of  the  pinion  should  be  parts  of  an  inte^ 
rior  epicycloid  generated  by  a  circle  of  any  di- 
ameter rolling  upon  the  concave  superficies  of 
the  pinion,  or  within  the  circle  adh  :  and  the 
acting  faces  ab  of  the  teeth  of  the  wheel  should 
be  portions  of  an  exterior  epicycloid  formed  by 
the  same  generating  circle  rolling  upon  the  con- 
vex superficies  odp  of  the  wheel. 

Now,  it  is  demonstrable,  that  when  one  circle 
rolls  within  another,  whose  diameter  is  doul)le 
that  of  the  rolling  circle,  tlie  line  gen^Mated  by 
any  point  of  the  latter  will  be  a  strai,:^ht  liney 
tending  to  the  centre  of  the  larger  circle.  If  the 
generating  circle,  therefore,  mentioned  above, 
should  be  taken  with  its  <liameter  equal  to  the 
radius  of  the  pinion,  and  be  made  to  roll  upon 
the  concave  superlioies  adh  of  the  pinion,  it 
will  generate  a  straight  line  tending  to  the  pi- 
nion's centre,  which  will  be  the  form  of  the  act- 
ing faces  of  its  leaves:  andihefeeth  of  tlie  wheel 
will,  in  this  case,  be  exterior  epicyrloid'*,  formed 
by  a  generating  circle,  whose  diitmeter  is  equal 
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to  the  radius  of  the  pinion.  roUineupon  the  con-  p^*™ 
vex  superficies  odp  of  the  wheel.     This  form  ' 

of  the  teeth,  viz.  when  the  acting  faces  of  the 
pinion's  leaves  are  right  lines  tending  to  its  ** 
centre,  is  exliibited  in  Fig.  3.  and  is,  perhaps,  Fig.  3. 
the  most  advantageous,  as  it  recpiires  less  trou- 
ble, and  may  he  executed  with  greater  accura- 
cy tlian  if  the  epicycloidal  form  liad  been  em- 
ployed: it  is  recommended  both  by  De  la  Hire 
and  Camus  as  particularly  advantageous  in 
clock  and  watch  work. 

The  attentive  reader  will  perceive  from  Fig. 
6.  that  in  order  to  prevent  the  teeth  of  the  wheel 
from  actipg  upon  the  leaves  of  the  pinion,  be- 
fore they  reach  the  line  of  centres  JIB  ;  and  that 
one  tooth  of  tlie  wheel  may  not  quit  the  leaf  of 
the  pinion  till  the  succeeding  tooth  begins  to 
act  upon  the  succeeding  leaf,  there  must  be  a 
certain  proportion  between  the  number  of  leaves 
in  the  pinion,  and  the  number  of  teeth  in  the 
wheel,  or  between  the  radius  of  the  pinion  and 
the  radius  of  the  wheel,  when  the  distance  of 
the  leaves  JIB  is  given.  But  in  macliinery  the 
number  of  leaves  and  teeth  are  always  known 
from  the  velocity  which  is  required/it  the  work- 
ing point  of  the  machine :  it  becomes  a  matter^ 
therefore,  of  great  importance,  to  determine 
with  accuracy  the  relative  radii  of  the  wheel 
and  pinion.^ 

For  this  purpose,  let  .5,  Fig.  3.  be  the  pinion 
having  the  acting  faces  of  its  leaves  straight 
lines  tending  to  the  centre,  and  B  the  centre  of 
tlie  wheel^  JiB  will  be  the  distance  of  their 

•  A  very  ingenious  Proportion -Compass  has  been  invented  by 
M.  le  Cerf^  watchmaker  at  Geneva,  for  finding  the  relative  diame- 
ters of  wheels  and  pmions.  It  is  described  at  length  iii  the  Phil. 
Trans,  v.  68,  p.  950. 
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centre?.  Then^  as  tlic  tooth  C  is  supposed  not 
to  act  upon  the  leaf  .im  till  it  arrives  at  the  line 
•AJB^  it  ought  not  to  quit  Am  till  the  following 
"tooth  J^  has  reached  the  line  *1B«  But^  since 
the  tooth  always  acts  in  the  direction  of  a  line 
drawn  perpendicular  to  the  face  of  the  leaf  t^m^ 
from  the  poiut  of  contact,  the  line  CH,  drawn 
at  right  angles  to  the  face  of  the  leaf  Am^  will 
determine  the  extremity  of  the  tooth  CD,  or  the 
last  part  of  it,  which  should  act  upon  the  leaf 
JLm,  and  will  also  mark  out  CD  for  the  depth 
of  the  tooth.  Now,  in  order  to  fiud  liH,  HBj 
and  CB,  put  a  for  the  number  of  teeth  in  the 
wheel,  h  for  the  number  of  leaves  in  the  pinion, 
c  for  the  distance  of  the  pivots  A  and  By  and  let 
X  represent  the  radhis  of  the  wlieel,  and  y  that 
of  the  pinion.  Then,  since  the  circumference 
of  the  wheel  is  to  the  circumference  of  the  pi- 
uion,  as  the  number  of  teeth  in  the  one  to  the 
number  of  leaves  in  the  oilier,  and.  as  the  cir- 
cumferences  of  circles  are  proportional  to  their 
radii,  Ave  will  have  a  :  b=zx :  ?/.  then,  by  compo- 
sition, (Euel.  5.  18.)  ff-f6  :  fc—c  :  //  (^c  being 
equal  to  a?+yjy  and,  consequently,  the  radius  of 

cb; 

*     the  pinion,  viz.  y= then,  by  inverting  the 

a+b 
first  analogy,  we  have  b  :  a=y  :  .r,  and,  con- 

ay; 

sequently,  the  radius  of  the  wheel,  viz,  *r= 

h 
y  being  now  a  known  number. 

Now,  in  the  triangle  AlIC.  right  angled  at  C, 
the  side  AH  is  known,  and.  likewise,  all  the 

sm 

angles  f'JMC  being  equal  to )  the  side  t^C, 

b 
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therefore^  can  be  easily  found  by  plane  trigo^ 
nometry.  Then^  in  the  oblique-angled  triangle  ' 
JlCB^  the  angle  CAB,  ecjual  to  HJLCj  is  known^ 
and  also  the  two  sides  ABy  AC^  which  contain 
it;  the  third  side,  therefore,  viz.  CB^  may  be  de- 
teimined ;  from  which  DB,  equal  to  HBy  al- 
ready found,  being  subtracted,  there  will  re- 
main CD  for  the  depth  of  the  teeth.  When  tha 
action  is  carried  on  after  the  line  of  centres,  it 
often  happens  that  the  teeth  will  not  work  in  th^ 
hollows  of  the  leaves.  In  order  to  remedy  this, 
the  angle  CBH  must  always  be  greater  than 
half  the  angle  HBP.  The  angle  HBP  is  equal 
to  360  degrees,  divided  by  the  number  of  teeth 
in  the  wheel,  and  CBH  is  easily  found  by  plane 
trigonometry. 

Instead  of  pinions  or  small  wheels,  the  mill- 
wrights in  tins  country  frequently  substitute 
lanterns  or  trundles,  w4iich  consist  of  cylindri- 
cal staves,  fixed  at  both  ends  into  two  round 
pieces  of  board.  From  the  use  of  trundles, 
however.  Dr.  Uobison  discourages  the  practical 
mechanic,  w  hen  he  observes,  ^  that  De  la  Hire 
^justly  condemned  the  common  practice  of 
^  making  the  small  wheel  or  pinion  in  the  form 
^  of  a  lantern,'  and  that,  when  '  the  teeth  of  the 
^  large  wheel  take  a  deep  hold  of  the  cylindri- 
^  cal  pins  of  the  trundle,  the  line  of  action  is  so 
^  disadvantageously  placed,  that  the  one  wheel 
^  has  scarcely  any  tendency  to  turn  the  other.'* 
It  is  with  the  greatest  deference  to  such  an  able 
philosopher  as  Dr.  Uobison,  that  we  presume  to 
contradict  this  statement  both  with  respect  to  the 
fact  which  is  asserted,  and  the  principle  which 
is  maintained.   In  no  part  of  De  la  Hire's  dis- 

*  The  same  observation  is  made  in  Imi son's  Elements  of  ^c*. 
ence. 

VOL.  IT.  T.  e 
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»ionn  '^^^^^^^^  "P^^  *^^^  subject  does  lie  condemn 
'  tbe  use  of  lanterns.  On  the  contrary^  he  ac- 
tually demonstrates^  that  when  the  teeth  of  the 
great  wheel  are  formed  in  a  particular  manner^ 
and  drive  a  small  wheel  whose  teeth  are  cylin- 
drical pins^  the  pressure  and  angular  velocity  of 
the  one  wheel  will  be  equal  to  the  pressure  and 
angular  velocity  of  the  other ;  or,  in  other  words^ 
their  action  will  be  uniform.  To  this  form  of 
the  teeth  of  the  great  wheel,  when  those  of  the 
small  wheel  are  cylindrical,  we  shall  now  direct 
the  reader's  attention,  and  we  earnestly  recom- 
mend it  to  the  notice  of  the  practical  mechanic^ 
because  it  furnishes  us  with  a  method  of  i-emo- 
ving,  or,  at  least,  of  greatly  diminishing,  the 
friction  which  arises  from  the  mutual  action  of 
the  teeth. 

Fig.  4.  Let  rf4  be  the  centre  of  the  pinion  or  small 

wheel  TCHf  whose  teeth  are  circular  like  ICRf 
baviug  their  centres  in  the  circle  PDE,  Upon 
Bn  the  centre  of  the  large  wheel,  at  the  distances 
BCy  Bit,  describe  the  circles  FCIt,  GDO;  and 
with  PDKj  as  a  generating  circle,  form  the  ex- 
terior epicycloid  iMW,  by  rolling  it  upon  the 
convex  superficies  of  the  circle  GDO.  The 
epicycloid  DJWM  thus  formed,  would  have  been 
the  proper  form  for  the  teeth  of  the  large  wheel 
ODOy  had  the  circular  teeth  of  the  small  wheel 
been  infinitely  small ;  but  as  their  diameter  must 
be  considerable,  the  teeth  of  the  wheel  should 
have  another  form.  In  order  to  determine  their 
proper  figure,  divide  the  epicycloid  BJ^M  into 
a  number  of  equal  parts,  1,  2,  3,  4,  &c.  as 
shown  in  the  figure,  and  let  these  divisions  be 
as  small  as  possible.  Then,  upon  the  points  1, 
3,  3,  &c.  as  centres,  with  the  distance  BCy 
equal  to  the  radius  of  the  circular  tooth,  dc- 
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^eribe  portions  of  circles  similar  to  those  in  the  ^^ji^,,-, 
Bgure;    and  the  curve  OPT,   which  touches' 
these  circles,  and  is  parallel  to  the  epicycloid 
DJ\rM,  will  be  the  proper  form  for  the  teeth  of 
the  large  wheel. 

In  order  that  the  teeth  may  not  act  upon  each 
other  till  they  reach  the  line  of  centres  AB,  the 
Burve  OP  should  not  touch  the  circular  tooth 
ICM,  till  the  point  O  has  arrived  at  D.  The 
tooth  OPf  therefore,  will  commence  its  action 
upon  the  circular  tooth  at  the  point  /,  where  it 
is  cut  by  the  circle  DUE.  On  this  account^ 
the  part  IClt  of  the  cylindrical  pin  being  super- 
Buous,  may  be  cut  off,  and  the  teeth  of  the  small 
ivheel  will  be  segments  of  circles  similar  to  the 
shaded  parts  of  the  figure. 

If  the  teeth  of  wheels  and  the  leaves  of  pi- 
nions be  formed  according  to  the  directions  al- 
ready given,  they  will  act  upon  each  other,  not 
only  with  uniform  force,  but  also  without  fric- 
tion. The  one  tooth  rolls  upon  the  other^  and 
neither  slides  nor  rubs  to  such  a  degree  as  to 
retard  the  wheels,  or  wear  their  teeth.  But  as 
it  is  impossible  in  practice  to  give  that  perfect 
curvature  to  the  acting  faces  of  the  teeth  which 
theory  requires,  a  certain  quantity  of  friction 
will  remain  after  every  precaution  has  been  ta- 
ken in  the  formation  of  the  communicating  parts. 
This  friction  may  be  removed,  or,  at  least, 
greatly  diminished,  in  the  following  manner : 

If,  instead  of  fixing  the  circular  teeth,  as  in 
Fig.  4.  to  the  wheel  OliEy  they  may  be  made 
to  move  upon  axles  or  spindles  fixed  in  the  cir- 
cumference of  the  wheel,  all  the  friction  will  be 
taken  away  except  that  which  arises  from  the 
piotion  of  the  cylindrical  tooth  upon  its  axis. 
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The  advantages  which  attend  this  mode  of  con« 
struction  are  many  and  obvious.  The  cylindri- 
cal teeth  may  be  formed  by  a  turning  lathe  virith 
the  greatest  accuracy ;  the  curve  required  for 
the  teeth  of  the  large  wheel  is  easily  traced ;  the 
pressure  and  motion  of  the  wheels  will  be  uni- 
form ;  and  the  teeth  are  not  subject  to  wear,  be- 
cause whatever  friction  remains  is  almost  wholly 
removed  by  the  revolution  of  the  cylindricid 
spokes  about  their  axes.  The  reader  will  also 
observe^  that  this  improvement  may  be  most 
easily  introduced,  when  the  small  wheel  has 
the  form  of  a  trundle  or  lantern ;  and  that  it  may 
be  adopted  in  cases  where  lanterns  could  not  be 
Fig.  3.  conveniently  used.  In  Fig.  3.  is  represented 
the  manner  by  which  cylindrical  teeth,  move- 
able upon  their  axes,  may  be  inserted  in  the 
circumference  of  wheels,  B  is  the  part  of  the 
wheel  on  which  the  tooth  is  to  be  fixed ;  Jl  is 
the  cylindrical  tooth  which  moves  upon  its  axis 
he  made  of  iron,  whose  extremities  run  in  bush- 
es of  brass,  fixed  in  the  projecting  pieces  of  wood 
i,  c.  This  improvement,  however,  can  only 
be  adopted  where  the  machinery  is  large.  For 
small  works,  the  teeth  of  the  pinion  or  small 
wheel  should  be  rectilineal,  and  those  of  the 
large  wheel  epicycloidal. 

IL  Having  hitherto  supposed,  that  the  mu- 
tual action  of  the  teeth  does  not  commence  till 
they  arrive  at  the  line  of  centres,  let  us  now 
attend  to  the  form  which  must  be  given  them^ 
when  the  whole  of  the  action  is  carried  on  be- 
fore  they  reach  the  line  of  centres,  or  when  it 
is  completed  a  very  little  below  this  line.  This 
mode  of  action  is  not  so  advantageous  as  that 
which  wc  have  been  considering,  and  should^ 
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if  possible,  always  be  avoided.    It  is  repre-^i^'n 
sented  in  Fig.  1.  where  A  is  the  centre  of  thcp^^^^' 
pinion,  B  that  of  the  wheel,  and  JIB  the  line 
of  centres.     It  is  evident  from  the  figure,  that 
the  tooth  C  of  the  wheel  acts  upon  the  leaf  D 
of  the  pinion  before  they  arrive  at  the  line  BA; 
that  it  qnits  the  leaf  when  they  reach  this  line^ 
and  have  assumed  the  position  of  E  and  F; 
and  that  the  tooth  C  works  deeper  and  deeper 
between  the  leaves  of  the  pinion  the  nearer  it 
comes  to  the  line  of  centres.    From  this  last 
circumstance  a  considerable  quantity  of  friction 
arises,  because  the  tooth  C  does  not,  as  before^ 
roll  upon  the  leaf  I),  but  slides  upon  it;  and^ 
from  the  same  cause,  the  pinion  soon  becomes 
foul^  as  the  dust  which  lies  upon  the  acting  fa- 
ces of  the  leaves  is  pushed  into  the  hollows  be- 
tween them.   One  advantage,  however,  attends 
this  mode  of  action,  for  it  allows  us  to  make 
the  teeth  of  the  large  wheel  rectilineal,  and 
thus  renders  the  labour  of  the  mechanic  less, 
and  the  accuracy  of  his  work  greater,  than  if 
they  had  been  of  a  curvilineal  form.     If  the 
teeth  C,  JB,  therefore,  of  the  wheel  BC,  be 
made  rectilineal,  having  their  surfaces  directed 
to  the  wheeFs  centre,  the  acting  faces  of  the 
Ic  ives  -D,  F^  &c.   must  be  epicycloids  formed 
by  a  generating  circle,  whose  diameter  is  equal 
to  the  radius  Bo  of  the  circle  opj  rolling  upon 
the  circumference  mn  of  the  pinion  Jl.    But  if 
the  teetli  of  the  wheel  and  the  leaves  of  the  pi- 
nion be  made  curvilineal  as  in  the  figure,  the 
acting  faces  of  the  teeth  of  the  wheel  must  be 
portions  of  an  interior  epicycloid  formed  by  any 
generating  circle  rolling  within  the  concave  su- 
perficies of  the  circle  op^  and  the  acting  faces 
of  the  pinion's  leaves  must  be  portions  of  an 
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Platb      exterior  epicycloid   produced  by  rolling  the 
^^°^^"'same  gcDerating  circle  upon  the  convex  cir* 
cumference  mn  of  the  pinion. 

When  the  teeth  of  the  large  wheel  are  cy- 
lindrical spindles^  either  fixed  or  moveable  up- 
on their  axes,  an  exterior  epicycloid  must  be 
Fig.  4.  formed  like  DJS^M  in  Fig,  4.  by  a  generating 
circle  whose  radius  is  ACy  rolling  upon  the 
convex  circumference  FCK^  AC  being  in  thii 
case  the  diameter  of  the  wheel,  and  FCK  the 
circumference  of  the  pinion.  By  means  of  this 
epicycloid  a  curve  OFT  must  be  formed  as^ 
before  described^  which  will  be  the  proper 
curvature  for  the  acting  faces  of  the  leaves  of 
the  pinion^  when  the  teeth  of  the  wheel  are  cy- 
lindrical. The  relative  diameter  of  the  wheel 
and  pinion^  when  the  number  of  teeth  in  each 
is  known,  may  be  found  by  the  same  formuli& 
which  were  given  for  the  first  mode  of  action, 
with  this  difierence  only,  that  in  this  case  the  ra- 
dius of  the  wheel  is  reckoned  from  its  centre  to 
the  extremity  of  its  teetli^  and  the  radius  of  the 
pinion  from  its  centre  to  the  bottom  of  its  leaves. 
in.  The  third  way  in  which  one  wheel  may 
drive  another,  is  when  the  action  is  partly  car- 
ried on  befpre  the  acting  teeth  arrive  at  the  line 
of  centres,  afid  partly  after  they  have  passed 
this  line. 
XXXIX  '^bis  mode  of  action^  which  is  represented  in 
Fig's.  '  Fig.  S.  id  a  combination  of  the  two  first  modes, 
and  consequently  partakes  of  the  advantages  and 
disadvantages  of  each.  It  is  evident  from  the 
figure  that  the  portion  eh  of  the  tooth  acts  upon 
the  part  be  of  the  leaf  till  they  reach  the  line  of 
centres  ABy  and  that  the  part  ed  of  the  tooth 
acts  upon  the  portion  ha  of  the  leaf  after  they 
hftve  passed  this  line.  It  follows,  therefore,  that 
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tlie  acting  parts  eh  and  be  must  be  formed 
according  to  tlie  directions  given  for  the  first 
mode  of  action^  and  that  the  remaining  parts 
edf  buy  must   have   that  curvature  which  the 
second  mode  of  action  requires  ;  consequently, 
eh  should   be   part  of  an  interior  epicycloid 
formed  by  any  generating  circle  rolling  on  the 
concave  circumference  mn  of  the  wheel,  and 
the  corresponding  part  be  of  the  leaf  should  be 
part  of  an  exterior  epicycloid  formed  by  the 
same  generating  circle  rolling  upon  bEO^  the 
convex  cifcumrerence  of  the  pinion :  the  re- 
maining part  cd  of  the  tooth  should  be  a  portion 
of  an  exterior  epicycloid,  formed  by  any  gene- 
rating circle  rolling  upon  eLy  the  concave  su- 
perficies of  the  wheel ;  and  the  corresponding 
part  6a  of  the  leaf  should  be  part  of  an  interior 
epicycloid  described  by  the  same  generating 
circle,  rolling  along  the  concave  side  bEO  of 
the  pinion.    As  it  would  be  cxtren^ely  trouble- 
some, however,  to  give  this  double  curvature 
to  the  acting  faces  of  the  teeth,  it  will  be  proper 
to  use  a  generating  circle,  whose  diameter  is 
equal  to  the  radius  of  the  wheel  BCy  for  de- 
ficribing  the  interior  epicycloid  eh  and  the  ex- 
terior one  bCy  and  a  generating  circTe,  whose 
diameter  is  equal  to  •iCy  the  radius  of  the  pi- 
nion, for  describing  the  interior  epicycloid  fta, 
luid  the  exterior  one  ed.     In  this  case  the  two 
i  interior  epicycloids   ehy   bay  "will  be  straight    - 
I  lines  tending  to  the  centres  B  and  Jly*  and  the 
labour  of  the  mechanic  will  by  this  means  be 
greatly  abridged. 

In  order  to  find  the  relative  diameters  of  the 
wheel  and  pinion,  M'hen  the  number  of  teeth  in 

•  Traite  den  Epiryckldcs,  pap  M  D.  De  La  ir>re.  Prop  V. 
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tbe  one  and  the  namber  of  leaves  in  the  other 
are  given,  and  when  the  distance  of  their  cen- 
tres is  also  given,  and  the  ratio  o{ES  to  CS,  let 
a  be  the  number  of  teeth  in  the  Avheel,  b  the 
number  of  leaves  in  the  pinion,  c  the  distance 
of  the  pivots  «4«  1}^  and  let  m  be  to  n  as  ES  to 
CS,  then  the  arch  ES,  or  the  angle  SdEy  will 

360° 

be  equal  to ,  and  LD,  or  tlie  angle  LBB, 

b 
360° 

will  be  equal  to .    But  as  ES :  CS=m :  n; 

a 
consequently,  LD :  LCzz^m  :  72,  therefore,  (Eac. 

LDxn 

6.  16.)  LCxm=LI)xn,  and  LC=z ;  but 

m 
360 

LD  is  equal  to ,  therefore,  by  substituting 

a 

360xn 

this  in  its  stead,  we  have  LC=: . 

ant 
Now,  in  the  triangle  »9P0,  AB  is  known^ 
and  also  P^,  which  is  the  cosine  of  the  angle 
ABI)y  FC  being  perpendicular  to  DBy  AP, 
therefore,  which  is  the  radius  of  the  pinion^ 
may  be  found  by  plane  trigonometry.  The 
reader  will  observe,  that  the  point  P  marks 
out  the  parts  of  tlie  tooth  JJ  and  the  leaf  SPj 
where  they  commence  tlieir  action;  and  the 
point  1  marks  out  the  parts  where  their  mutual 
action  ceases  ;*  JUP,  therefore,  is  the  proper 

•  The  letter  L  marks  tbt-  intersection  of  the  Tine  BL  w'wh  thft 
arch  em,  and  the  tetter  E  the  intersect  ion  of  tbe  arch  bO  with 
the  upper  surt'ace  of  the  leaf //i.  The  letters  Hand  ^cori-cspond 
with  L  and  E  respectively,  and  P  with  / 
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radius  of  the  pinion^  and  BI  the  proper  radius 
of  the  wheels  the  parts  of  the  tooth  X  Avithout 
tLe  point  /,  and  of  the  leaf  SP  without  the 
point  P  hcing  superfluous.  Now,  to  find  BJ, 
Ave  have  ES  :  CS=:m  :  w,  consequently,  (Eue. 

6,  10.)  CSxm=ESxii,  and  CsJ^^'j  hut 

EH  was  formerly  shown  to  be  equal  to  — ^- 

fherefore,  by  substitution,  CS=—~^    Xow 

the  arch  ES^  or  angle  EAS^  being  equal  to  — - 
and  CSy  or  the  angle  CAS^  being  equal  to 
' ^  their  difference  EC\  or  the  an^le  EAC. 

bm 

will  lie  equal  to  '^""     '^^x±    jj    subtracting 

*  h  bill  ^  ^ 

Tve  have and  dividins;  by  6, 

^ives :  or Ihe  an- 

^  bm  bm 

glc  EAC  being  thus  found,  the  triangle  EAB. 
or  lAB,  which  is  almost  equal  to  it,  is  known. 
because  .IB  is  given,  and  likewise  AIj  which 
is  equal  to  the  cosine  of  the  angle  lAB^  AC 
being  radius,  and  AIC  being  a  riglit  angle, 
consequently  IB  the  radius  of  the  wheel  may 
be  found  by  trigonometry.  It  was  formerly 
sliown,^  that  AC^  the  raclius  of  what  is  called 

the  primitive  opinion,  was  e^ual  to .  and 


i4 


that  BC,  the  radius  of  the  primitive  wkeel^  wa9 
equal  to       '^—    If^  then,  we  subtract  .,3! C  or. 


•  See  pA^  208. 
VOL.  n,  *  'F  f 
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the  one  and  the  number  of  leaves  in  the  other 
are  given,  and  when  the  distance  of  their  cen- 
tres  is  also  given,  and  the  ratio  ofES  to  CS,  let 
a  be  the  number  of  teeth  in  the  wheel,  b  the 
number  of  leaves  in  the  pinion,  c  the  distance 
of  the  pivots  A,  j9,  and  let  m  be  to  n  as  ES  to 
CS,  then  the  arch  ES,  or  the  angle  SdE,  will 

360° 

be  equal  to ,  and  LD,  or  the  angle  LBB, 

b 
360° 

will  be  equal  to .    But  as  ES :  CS=im :  n; 

a 
consequently,  LD :  LCzz^m  :  ?i,  therefore,  (Euc. 

LDxn 

6.  16.)  LCxm=LI)xn,  and  LC= ;  but 

m 
360 

LD  is  equal  to ,  therefore,  by  substituting 

a 

360xn 

this  in  its  stead,  we  have  XrC= . 

am 
Now,  in  the  triangle  APB,  AB  is  known^ 
and  also  FB,  which  is  the  cosine  of  the  angle 
ABBj  FC  being  perpendicular  to  J»J»,  AP^ 
therefore,  which  is  the  radius  of  the  piuioDy 
may  be  found  by  plane  trigonometry.  The 
reader  will  observe,  that  the  point  P  marki 
out  the  parts  of  the  tooth  B  and  the  leaf  SFj 
where  they  commence  their  action ;  and  the 
point  1  marks  out  the  parts  where  their  mutual 
action  ceases  ;*  APj  therefore,  is  the  proper 

*  The  letter  L  marks  the  intersection  of  the  line  BL  with  the  ; 
arch  em,  and  the  letter  E  the  intersection  of  the  arch  bO  with 
the  upper  surface  of  the  leaf  m.  The  icttcis  Hand  ^cori-cspood 
with  L  and  £  respectively,  and  P  with  / 
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i'adiiis  of  tlie  pinion,  and  BI  the  proper  radius 
of  tlie  wheel,  the  parts  of  the  tooth  X  without 
the  point  i,  and  of  the  leaf  SP  without  the 
point  P  being  superfluous.  Xow,  to  find  HI, 
we  have  JES  :  CS=zm  :  n,  consequently,  (Eue. 

6,  10.)  CSxm=ESxn,  and  CS=^^^l'  hut 


ES  was  formerly  shown  to  be  equal  to  '-_'_^- 
thcrcfore,  bv  sulistitution,  CS=—1^-^1l    Xow 

■ 

the  arch  ES,  or  angle  EAS,  being  equal  to  --?-' 
and  CSy  or  the  angle  CAS,  being  ecfual  to 
- — ; '  tlieir  difference  EC\  or  the  audc  EAC^ 

will  be  equal  to  ^ — ^^    By  subtractins: 

^  /}  din  "^  ^ 

wc  have and  diVKunu:   by  6, 

gives :  or 2 The  an- 

gle  EAC  being  thus  found,  the  triangle  EAB* 
or  lABj  which  is  almost  equal  to  it^  is  known, 
because  AB  is  given,  and  likewise  AT,  which 
is  equal  to  the  cosine  of  Uie  angle  lAB^  AC 
being  radius^  and  AlC  being  a  right  angle, 
consequently  IB  the  radius  of  the  wheel  may 
be  found  by  trigonometry.  It  was  formerly 
show  n,^  that  AC,  the  raclius  of  what  is  called 

the  primitive  opinion,  was  equal  to .  and 

that  BC^  the  radius  of  the  primitive  wheel,  wa«9 

equal  to  - — ^—    If,  then,  we  subtract  AC  or, 

•  See  page  208. 
VOL.  II,  *  'F  f 
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rate  method  of  generating  involutes  than  by  urt- 
lapping  a  thread  from  the  circumference  of  the 
evolute  or  circle  to  be  evolved. 

Thus  have  Me  endeavoured  to  lay  before  our 
readers  all  the  information  which  we  have  upon 
this  important  sulyect;  and  we  trust  it  will  be 
candidly  received,  as  it  is  the  only  essay  on  the 
subject  which  has  appeared  in  our  language.* 
Tlie  demonstrations  of  the  propositions  have 
been  purposely  left  out,  as  being  rather  foreign 
to  the  object  of  a  practical  work.  To  the  me- 
chanic, they  are  of  no  consequence ;  and  the 
mathematician  can  either  demonstrate  it  him- 
self, or  have  recourse  to  the  original  memoirs 
of  C'amus  and  I)e  la  Hire.  Before  leaving  this 
subject,  however,  it  may  be  proper  to  show  how 
interior  and  exterior  epicycloids  may  be  formed, 
and  lipw  the  teeth  should  be  disposed  on  the 
circumference  of  the  wheel. 


•  In  a  book  entitled,  hnhnn^.-i  F.'empnts  nf  Science  and  »4r/,  which 
prol'esscs  to  be  a  second  edilion  ot*  Imisona  School  of  Artt^  there 
an»  some  practical  directions  for  the  formation  of  the  teeth  of 
wheels,  but  they  are  so  defective  in  [)rinciplc  that  they  cannot  be 
trusted.  The  author  seems  merely  tt)  h;ive  heard  that  the  acting 
faces  of  the  teeth  should  be  cpicycloidal,  but  to  have  been  to- 
tally ignorant  wiiether  the  epicycloids  should  be  exterior  or  in- 
terior, and  what  should  be  their  bases  and  j^cncrating"  circles. 
The  directions  which  this  author  gives  for  forming  the  teeth  of 
a  rack,  and  the  lifting  cogs  or  cams,  of  forge-hammers,  are  cq»ial: 
)y  destitute  of  scientific  principle. 
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pW  the  formation  of  e^erioTfUnd  interior  epU 

cycloids^  and  on  the  diepoeition  of  .the  teeth 

on  the  TvheeVs  pircumfe fence.  * 

Nothipg  can  be  of  greater  importance  to  thepunv^  . 
practical  mechanic^  than  to  have  a  method  of     y         '^ 
drawing  epicycloids  with  facility  and  accuracy; 
*  the  following,  we  trust,  is  the  most  simple  me- 
'   ehanical  method  that  has  yet  been  Revised. — 
Tyike  a  piece  of  plain  wood  OH^  and  fix  upon  it  fif.  %  ^-i'i 
mhbther  piece  of  wood  E^  having  its  circumfer- 
'  «nee  mb  of  the  same  curvature  as  the  circular 
.  iNue  upon  which  the  generating  circle  JiB  is  to 
folL    When  the  generating  circle  is  large,  the  .  ;.^ 

diaded  segment  B  will  be  sufficient :  in  any  part  *  "' 

of  the  circumference  of  tliis  segment,  fix  a  sharp- 
pointed  nail  a,  sloping  in  such  a  manner  that  the 
distance  of  its  point  from  the  centre  of  the  circle 
may  be  exactly  equal  to  its  radius ;  and  fasten  to 
the  board  GH  a  piece  of  thin  brass,  or  copper^ 
.  or  tin-plate  aft,  distinguished  by  the  dotted  lines. 
Place  the  segment  B  in  such  a  position  that  the 
point  of  the  nail  a  may  be  upon  the  point  b,  and  '  ^ 
toll  the  segment  towards  Gy  so  that  the  nail  a 
may  rise  gradually,  and  the  point  of  contact  be- 
tween the  two  circular  segments  may  advance 
towards  m  ;  the  curve  aft,  described  upon  the^ 
brass  plate,  will  be  an  accurate  exterior  epicy- 
cloid. Remove,  with  a  file,  the  part  of  the  brsM . 
on  the  left  hand  of  the  epicycloid,  jand  the  re^ 
maining  concave  arch  or  gage  oft  will  be  a  pat-  '  -^ 
tern-tooth,  by  means  of  which  all  the  rest  may 
be  easily  formed.  When  an  interior  epzcj/clotd 
IB  wanted,  the  concave  side  of  its  circulalr  base  *  \:,' 
modt  be  used.  The  method  of  describing  it  is  ^ 
irepresented  in  Fig.  3.  where  CD  is  the  gene- 
)ratiBg  circle^  F  the  concave  circular  base^  MJ^ 
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the  piece  of  wood  on  which  this  base  is  fixed^ 
and  cd  the  interior  epicycloid  formed  upon  the 
plate  of  brass^  by  rolling  the  generating  cirele 
Cy  or  the  generating  segment  Dy  towards  the 
right  hand.  The  cycloid^  which  is  useful  in 
forming  the  teeth  of  rack-work ^  is  generated  pre- 
cisely in  the  same  manlier,  with  this  differenee 
only,  that  the  base  on  which  the  generating  cir- 
cle rolls  must  he  a  straight  line. 

Although,  in  general,  it  is  necessary  to  give 
the  proper  curvature  only  to  one  side  oi  the 
teeth,  yet  it  may  be  projier  to  form  both  sidei 
with  equal  care^  that  the  wheels  may  be  able 
to  move  in  a  retrograde  direction.  Tliis  is  par- 
ticularly necessary  when  a  reciprocating  power 
is  employed.  In  the  case  of  a  mill  moving  by 
the  force  of  a  single  stroke  steam-engine,  the 
direction  of  the  pressure  on  the  communicating 
parts  of  the  machinery  is  cl.-anged  twice  every 
stroke.  During  the  working  stroke,  the  wheels 
which  convey  the  motion  from  the  beam  to  the 
machinery,  are  aetiui:;  with  one  side  of  their 
teeth  ;  hut,  duriuiz;  the  returning  stroke,  the 
wheels  a;»t  with  the  other  side  of  their  teeth.* 

In  order  that  tlie  teeth  may  not  embarrass  one 
another  before  their  action  commences,  and  that 
one  tooth  may  begin  to  act  upon  its  correspond- 
ing leaf  of  the  pinion,  before  the  preceding  tooth 
has  ceased  to  act  upon  the  preceding  leaf,  the 
height,  breadth,  and  distance  of  the  teeth  nv^st 
be  properly  proportioiu'd.  For  this  purpose,  the 
iiitch-line  or  circumference  of  the  wheel,  which 
IS  represented  in  Plate  XX  X I  \,  P'ig.  2  &  3.  by 
the  dotted  arches,  must  he  divided  into  as  many 
equal  spaces  as  the  numher  of  teeth  which  the 

•  See  Dr.  Ud/'son's  'I'reatise  on  .M.  r/iiruiiy  «  » llie  Supplement 
to  the  Encyclopaedia  Britannicu,  v.  ii,  p.  104.  §  38. 
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wheel  is  to  carry.  Divide  each  of  these  spaces 
into  16  equal  parts  ;  allow  seven  of  these  for  the 
greatest  breadth  of  the  tooth,  and  9  for  the  dis- 
tance between  them.  When  the  wheel  drives  a 
trundle,  each  space  should  be  divided  into  seven 
equal  parts,  three  of  these  being  allotted  for  the 
thickness  of  the  tooth,  and  3|  for  the  diameter  o{ 
the  cvlindrical  stave  of  the  trundle.*  If  each  of 
the  spaces  already  mentioned,  or  if  the  distance 
between  the  centres  of  each  tooth,  be  divided  in- 
to 3  equal  parts,  the  height  of  the  teeth  must  be 
equal  to  two  of  these. f  These  distances  and 
heights,  however,  vary  according  to  the  mode 
of  action  which  is  employed.  J 

On  the  formation  of  cycloids  and  epicycloids 
geometrically  by  means  of  points,  and  tlie 
method  of  drawing  lines  parallel  to  them. 

As  the  preceding  mechanical  method  of  form- 
ing epicycloidal  curves,  may  be  regarded  by 
some  as  too  difficult  in  practice  and  too  liable  to 
error,  we  shall  point  out  a  geometrical  method 
of  describing  epicycloids  by  means  of  points^ 
and  a  more  accurate  way  of  drawing  lines  pa- 
rallel to  them  than  that  which  is  described  in 
the  preceding  pasjes,  and  represented  in  Fig. 
4.  of  Plate  XXXV  III. 

Let  the  radius  JIB,  Fie;.  5.  Plate  XXXIX,  of  P"« 
the  large  wheel  be  called  a,  and  tlie  radius  BC'p'  ^y 
of  the  lesser  one,  or  generating  circle,  be  called 
b^  and  let  the  variable  quantity  x  be  equal  to 

*  Imison  allows  3  parts  for  the  thickness  of  the  tooth,  and  4 
for  the  diumeter  of  the  stave.  But  it  is  evident  that  in  this  case 
the  staves  of  the  waUower  would  stick  between  the  teeth  of  the 
wheel. 

f  Some  make  the  height  of  the  teeth  almost  eqtial  to  the  dis- 
tance between  the  centres  of  each,  hut  this  can  be  determined 
only  by  the  method  formerly  stated.     Sec  p.  121. 

;'Sce  Wolfii  Opera  Matheroaiica,  torn,  i,  p.  696-7. 


,^         PlArt 
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Txx,  »  being  any  number  of  degreed  tAkeit.tli  ^ 

jbleadure^  and  equal  to  the  variable  angle  BAtA  ' 
Kg*5L      Then^  having  dih&wnthecbordJBO^  Me  will  hate 


% 


ABO.  or  .aOJ»=90^-^5;  the  chord jBO=r«»>f 
sin.  I;  and  AOD^QOPxt^    Whencii  BOB^,^ 
^ ;  and  0Z)= 26 +sin.  |.   t'he  line  OB  bcj^ 


ing  thus  determined^  we  have  one  point  B  flf^ 
.  the  epicycloid  BB.    If  the  angle  BAO^  or  tlttk 
variable  quantity  52;  be  gradually  diminished^ 
and  OB  determined  anew^  we  will  have  other 
^  points  of  the  epicycloid  between  B  and  B:  or^iT 

-  ^  be  increased^  other  points  of  the  epicycldid 
beyond  B  will  be  determined.  Since  a  veqr 
small  arch  of  any  curve  may  be  represetited  by 
the  arch  of  a  circle  equicur^'e  to  it  in  the  same 
pointy  we  may  describe  a  small  portion  of  tiia 

epicycloid  at  By  with  a  radius  equal  to  -J—  ^ 

x^OB.  This  radius  being  reckoned  from  jDy 
or  the  line  BO,  which  is  perpendicular  to  the 
epicycloid  at  By  will  give  the  centre  from  whieb 
the  elementary  arc  at  B  may  be  described.  •  In 
finding  the  different  points  By  dy  of  the  epiey* 
cloid  BBy  we  determine  at  the  same  time  the 
"^  "       lines  BOydOy  perpendicular  to  the  epicycloid  in 

the  respective  points  By  d;  hence  it  will  be  aa 
easy  matter  to  draw  a  curve  parallel  to  the  ej^* 
cycloid  BB  at  any  given  distance.  Thus^  let  M 
be  the  given  distance^  then  take  the  line  JIf  in  the 
compasses^  and  set  it  from  B  to  F  on  the  per- 
pendicular BFy  and  also  from  dtofyon  dfy  and ' 
so  on  for  the  other  points.  A  number  of  points 
JP*5^  &c.  will^  therdyre^  be  determined^  through' 
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Which  \vc  can  describe  the  curve  EfFGy  which 
Mill  be  parallel  to  the  epicycloid  Jil)^  and  dis- 
tant from  it  by  the  given  quantity  JL 

In  order  to  illustrate  this  metliod  by  an  ex- 
ample^ let  ABj  the  radius  of  the  large  wheel,  be 
*2.991  inches,  and  BG=25.7^^G=ABxO.G ; 
then  a  :  Zr  as  10  :  6.     Let  us  suppose  z=i2^. 

Then  x= — xl3^  or  a;=20°;  consequently  ^  = 

6° ;  ^01>=16°.    Since  BO  is  equal  to  gaxsiu. 

£  we  will  have 

Logarithm  S  a  =  1.9344123 

Log.  Sine  J  or  f)°=9.0 192346 


Therefore,  A?i>^8.9876     0.9530469  Log. 

In  order  to  find  0I)=2bxsm.  -  we  have 
Logarilhra  2  ft  =  1.7135636 
Log. Sine  I  or  10°=9.2396703 


Therefore,   Oi>=H.9584     0.9522338 

^VBiMMM^  aHBK^— _  MM^i^paB...  a^aaas^^  v^paMaaMM  V^M^BVBrt 

The  radius   of  curvature  at  the  point  1)^ 
consequently,  will  be  =—  x  OD  when  Zz=zi2'^-^ 

that  is,  the  radius  of  curvature  will  be  13.030, 

a+b 

•  The  radius  of  cun-ature  being' always x20D,  it  will  he, 

a-^2b 
10-1-6  IG 

equal,  in  the  present  example,  to— —x20/>,  or  — x20/?, 

io+i:>  'M 

16 

•r  —xon. 
11 
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Vig.  6. 


C^ 

.T 

EJiO 

3 
3 
6 

HOD 

BO 

OD 

4 

G 

12 

3°  20' 

6  40 

10  0 

12  0 

.2°  40' 
5  20 
8  0 

16  0 

1.5006 

3.0007 
4.5000 

8.9876 

1.5004 
2.9996 
4.4962 
8.9584 

If  z  be  successively  diminished  to  6^,  4°,  anA 
2°,  we  will  have  the  results  contained  in  the 
following  table,  which  are  found  in  the  sam% 
way  as  when  %=12°. 

Radius  of 
Curvature. 

2.18M 

4.3631 

6.5400 

13.0300 

liy  means  of  tliis  table,  4  points  of  the  epi* 
cvcloid  mav  be  found.  Make  the  angle  BAO^ 
iSP,  liOnLid,  and  OD=z8.958^,  wliich  will  de- 
terniinc  the  point  J)  ;  and  so  on  with  the  rest 

As  it  would  be  extremely  difficult  to  project 
the  wiieels  C  and  A  upon  paper,  wlien  they  are 
verv  larsre,  we  shall  show  how  to  describe  the 
epicycloid  without  using  the  centres  C  and  •5. 
Draw  BK  perpendicular  to  the  line  CA  that 
joins  tlie  centres  of  tlie  wliecls,  and  make  the 
angle  KBO  equal  to  one  half  of '::;,  viz.  6  degrees. 
Make  BO^  as  before  found,  e((ual  to  8.9876 ; 
the  angle  i/0i>=l6^  and  Oi>=8.9584,  and  the 
point/)  will  be  determined  when  the  line  CJl  is 
only  given  in  position. 

In  the  cycloid  let  the  line  Bo^  Fig.  6,  be  equal 
to  hx^j  b  being  the  radius  of  the  generating  cir- 
cle c,  and  z  any  number  of  degrees  taken  at  plea- 

sure.  Then  1> 0=26  s  Sine  ^  and  DOB=z'^.  From 

I)  let  fall  the  perpendicular  DR\  and  let  2>A^=y 

and  BA'=zx;  then  //oxsine  ~z=zI)K  or  y=!Sbx 

z2 


sine  g=6x versed  sine  z:=zbxi — cos.  z.    Lik^ 


wise  we  have  /t 0=26xcos.  ^xsine  i=6xsine ». 
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Whence  BK  or  cc-=bx^ — sine  z.  Wherefore 
BK  and  DK  being  thus  founds  the  point  J)  iu 
the  cycloid  will  he  determined ;  and,  hy  dimi- 
nishing z  continually,  we  will  have  other  points 
of  the  cycloid  between  D  and  //,  and,  by  in- 
creasing it,  we  will  have  points  beyond  1>. 

To  illustrate  this  by  an  example,  let  ft=l  and 
«=120^=180°--.60°,  then,  since  A=l  we  will 
have  y=versed  sine  120°=2 — versed  sine  60° 

=1.500.  To  find  a*,  which  is  hxz — sine  z, 
or,  in  the  present  case=;5; — sine  z^  since  h  is 
equal  to  1.  The  arch  z  or  120'^  being  4  of  the 
circumference  of  a  circle  whose  radius  is  1, 
and  whose  circumference  is  3.1415927x3,  or 
6.8831854  will  be  equal  to  2.0913951,  and  the 
sine  of  120^  or  its  supplement  00^  is  0.866023 1. 
Therefore, 

120°=2.09+3951 
sine  120°=0.866025i 


a?  =1.2283697 
If  %  be  made  5%  x  will  be=0.0001108,  and 

3f=0.0038053.  The  numbers  x  and  //  being 
thus  determined,  we  have  only  to  make  BK 
equal  to  x  and  It  I)  to  y  in  order  to  determine 
the  point  D.  It  may  be  proper  to  observe,  that 
the  variable  number  z  should  be  taken  pretty 
small  both  for  the  cycloid  and  the  epicycloid, 
as  it  is  only  a  little  portion  of  these  curves  that 
is  required  for  the  teetli  of  wheels  ;  and  when 
several  points  of  the  curve  are  determined,  the 
intervening  space  may  be  made  arches  of  a  cir- 
cle equicurve  to  tlie  epicycloid  at  the  same 
point.* 

•  Sec  Kxstner's  Memoir  de  Dentibus  Rotamm,  iiitlic  Commcn. 
Utioncs  SocieUtis  Uegix  Gottliigcnsis  1782,  vol.  v,  pp.  9,  24, 
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srcatev  than  the  number  of  teeth  in  the  wheel  ^"" 
iixed  upon  CDj  and  their  radii  must  have  the* 
jsamc  proportion.  Draw  cd  parallel  to  CD  at 
any  convenient  distance,  and  draw  ab  parallel 
to  JIB  at  four  times  that  distance,  then  the 
lines  im  and  in  drawn  perpendicular  to  •flJB 
and  CD  respectively.  Mill  mark  the  situation 
and  size  of  the  wheels  required.  In  this  case 
the  cones  are  Oni  and  Omi;  and  srni^  i^pmi^ 
are  the  portions  of  them  tliat  are  employed. 

The  formation  of  the  teeth  of  bevelled  wheels 
is  more  diflicult  than  one  w  ould  at  first  imagine^ 
and  no  author,  so  far  as  1  know,  has  attempted 
to  direct  the  labours  of  tlie  fiechanic  on  this 
point.  The  (ceth  of  such  wheels,  indeed,  must 
be  formed  by  the  same  rules  which  we  have 
given  for  other  wheels;  but  since  diflcrent  parts 
of  the  same  tooth  are  at  different  distances  from 
the  axis,  tliese  parts  must  have  the  curvature  of 
their  acting  surfaces  proportioned  to  that  dis- 
tance. Thus,  in  Fig.  iO,  the  part  of  the  tooth 
at  r  must  be  more  incurvated  than  the  part  at 
f,  as  is  evident  from  the  inspection  of  Fig.  8. 
and  the  epicycloid  for  the  part  i  must  be  form- 
ed bv  means  of  circles  whose  diameters  are  ni 
and  ?;//,  while  the  epicycloid  for  the  part  r 
must  be  generated  by  circles,  whose  diameters 
are  sv  and  rj). 

L(»t  us  suppose  a  plane  to  pass  through  the 
points  0/rD;  the  lines  OJS^  01).  will  evui<MUly 
be  in  this  plane,  which  may  be  called  the/;/aw^ 
of  cevlves.  Kow,  when  the  teelh  of  the  wheel 
y;/,  which  is  si^pposed  to  drive  hk  t:te  smallest 
of  the  two,  commence  tlieir  action  on  the  teeth  of 
Sly  when  tiiey  arrive  at  the  plane  of  cfMitres,  and 
continue  their  action  after  tliey  have  passed  this 
plane^  the  curve  given  to  the  teeth  of  si  at  ?, 
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On  the  nature  ofhevelUd  wheels^  and  the  me- 
thod of  giving  an  ejncijcloidal  form  to  their 
teeth. 

pLATK  The  principle  of  hevelled  wheels  was  point* 

ed  out  by  Df"  la  Hire,  so  Ion?;  ago  as  the  end 
of  the  17tii  centurv.*  It  consists  in  one  fluted 
or  toothed  cone  acting  npon  anotlier,  as  is  re- 
rig.  8.  presented  in  Fig.  8.  where  the  cone  01)  drives 
the  cone  0C\  conveyins;  its  motion  in  the  ilirec- 
tion  OC.  If  these  cones  he  cut  parallel  to  their 
b<'ises9  as  at  ^l  and  ,  and  if  the  two  small 
cones  between  •?/>  and  O  be  removed,  the  re- 
jiiaining  parts  AC  and  />7>  may  be  considered 
as  two  bevelled  wheels,  and  /;/>  will  act  upoa 
AC  in  the  very  same  manner,  and  with  the 
same  eifect  that  the  whole  cone  OD  acted  up- 
on the  w  hole  cone  OC  ;  and  if  the  section  be 
made  nearer  the  bases  of  the  cones,  the  same 
cflect  will  be  produced.  This  is  the  case  in 
Fig.  9,  where  CD  and  J)E  arc  but  very  small 
portions  of  the  imaginary  cones  ACl)  and  ADE. 
In  order  to  convey  motion  in  any  given  di- 
rection, and  determine  the  relative  size  and  si- 
tuation of  the  wheels  for  tliis  purpose,  let  ABj 
YiZ-io.  l^^S-  1^^*  l>c  the  axis  of  a  wheel,  and  CI)  the 
given  direction  in  which  it  is  re(|uired  to  con- 
vey the  motion  l)y  means  of  a  wheel  fixed  upon 
the  axis^^.v,  and  acting  upon  another  wheel 
fixed  on  tlie  axis  C'/>,  and  let  us  suppose  that 
the  axis  CI)  must  have  four  times  the  velocity 
of  *4/>,  or  musi  perform  four  revolutions  while 
Ali  performs  one.  Then  the  numJjer  of  teeth 
\\\  the  wheel  fixed  upoUclZJ  must  be  four  times 

•  Traite  dr  ^fer:mique  prop.  ()f\  pnblislipclin  tlic  Memoircs  de 
V'-Vcadcmie  Ri^yul^,  £cc.  dcpuis  1660jiis*iua  16y9>tom.  ix. 


Mechanics.  220 

greater  than  the  number  of  teeth  in  the  wheel  ^^a" 
iLxed  upon  CI),  and  their  radii  must  have  the' 
same  proportion.  Draw  cd  parallel  to  CD  at 
any  convenient  distance,  and  draw  ab  parallel 
to  Ali  at  four  times  that  distance,  then  the 
lines  17)1  and  in  drawn  perpendicular  to  •flJB 
and  CD  respectively,  w  ill  mark  the  situation 
and  size  of  the  wheels  required.  In  this  case 
the  cones  are  Oni  and  Omi;  and  srnif  rpmi^ 
are  the  portions  of  them  that  are  employed. 

The  formation  of  the  teeth  of  bevelled  wheels 
is  more  difTieult  than  one  would  at  first  imagine^ 
and  no  author,  so  far  as  1  know,  has  attempted 
to  direct  the  labours  of  tlie  ^lechanic  on  this 
point.  The  teeth  of  such  wheels,  indeed,  must 
be  formed  by  the  same  rules  w hich  we  have 
given  for  other  wheels;  but  since  diflerent  parts 
of  the  same  tooth  are  at  different  distances  from 
the  axis,  these  parts  must  have  the  curvature  of 
their  acting  surfaces  proportioned  to  that  dis- 
tance. Thus,  in  Fig.  10,  the  part  of  the  tooth 
at  r  must  be  more  incurvated  than  the  part  at 
f,  as  is  evident  from  the  ins[)ection  of  Fig.  8. 
and  the  epicycloid  for  the  part  i  must  be  form- 
ed by  means  of  circles  whose  diameters  are  ni 
and  inu  while  the  epicycloid  for  the  part  r 
must  be  generated  by  circles,  whose  diameters 
are  sr  and  rp. 

Let  us  sujjposc  a  plane  to  pass  through  the 
points  OiJ);  the  lines  OJi,  i)U^  will  evi(i(»ntly 
be  in  this  plane,  which  may  be  called  the/;/aw^ 
of  centres.  ISow,  when  the  teeth  of  the  w  heel 
j)in  which  is  si^pposed  to  drive  .s/,  t-tc  smallest 
of  the  two,  commence  tlieir  action  on  the  teeth  of 
sin  wlien  tliey  arrive  at  the  plane  of  c(*ntres,  and 
continue  their  action  after  they  have  passed  this 
plane^  the  curve  given  to  the  teeth  of  si  at  ?, 
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Pl4tb      should  be  a  portion  of  an  interior  epicycloid 
XL\  m.    f^j.^(j^»  J  ]yy  j^ijy  generating  circle  rolling  on  the 

concave  superficies  of  a  circle  whose  diameter 
is  ni^  and  the  curvature  of  the  teeth  at  r  should 
be  part  of  a  similar  epicycloid^  formed  upon  a 
circle,  whose  diameter  is  sr.  The  curvature 
of  the  teetli  of  the  wheel  pi  at  i,  should  be  part 
of  an  exterior  epicycloid  formed  by  the  sam% 
generating  circle  rolling  upon  the  concave  cir- 
cumference of  a  circle  whose  diameter  is  mif 
and  the  epicycloid  for  tlie  teeth  at  r  is  formed 
in  the  same  way,  only  instead  of  m?,  the  dia- 
mvM,er  of  the  circle  must  be  /??•.  When  any 
other  mode  of  action  is  adopted,  the  teeth  are 
to  be  formed  in  the  same  manner  tliat  Me  have 
pointed  out  for  common  wheels,  with  this  differ- 
ence only,  that  different  epicycloids  are  neces- 
sai y  for  the  parts  i  and  i\  It  may  be  sufficient^ 
towever,  to  find  the  form  of  the  teeth  at  i,  as 
the  remaining  pail;  of  the  tooth  may  be  shaped 
by  directing  a  straight  rule  from  different  points 
of  the  epicycloid  at  i  to  the  centre  f>,  and  filing 
the  tooth  till  every  part  of  its  acting  surface  co- 
incides with  tlie  side  of  the  rule.  The  reason 
of  this  operation  will  be  obvious,  by  attending 
to  the  shape  of  the  tooth  in  Fig.  8.  When  the 
small  wheel  si  impels  the  large  one  pi^  the  epi- 
cycloids which  were  formerly  given  to  si  must 
be  given  to  pi^  and  those  which  were  given  to 
jn  must  be  transferred  to  si.^ 

•  A  method  of  bevcllinp;'  wheels  with  a  simple  instrument  in* 
ventod  by  Mr.  Jinu  s  K?  Ily  of  Ntw  Lanark  cotton  mills,  may  be 
seen  in  the  It  piT.  n y  .t*  Arts,  vol.  vi,  p.  106.  This  instrument, 
founded  on  tiit  ^qnaJjiy  of\t  riiC"!  anirles,  is  so  very  simple  Uiat 
it  must  Uavc  occurred  to  mech»iucs  of  common  ingenuitv. 
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On  the  formation  of  the  Teeth  of  a  RackworJcy 
the  Arms  of  Levers^  the  Wipers  of  Stamp- 
ers^ and  the  lifting  Cogs  or  Cams  of  Forge- 
Hammers. 


THE  teeth  of  a  wheel  may  act  upon  those  Platb  xl. 
of  a  rack,  according  to  tlie  three  diflTerent  ways 
in  which  one  wheel  acts  upon  another ;  and 
each  of  tliesc  modes  of  action  requires  a  diflTer- 
ent form  for  the  communicating  parts. 

From  what  has  been  said  in  the  preceding 
dissertation,  it  would  be  easy  to  deduce  the  pro- 
per form  for  tlie  teeth  of  a  rackwork,  merely  by 
considering  the  rack  as  part  of  a  wheel  wliose 
centre  is  infinitely  distant.  But,  as  the  epicy- 
cloids are  in  this  case  converted  into  other 
curves,  whicli  liave  different  names,  and  are 
gei^erated  in  a  different  manner,  it  may  be  pro- 
per, for  the  sake  of  the  practical  mechanic,  to 
add  a  few  observations  illustrative  of  the  sub- 
ject.* 

In  Fig.  4.  let  AB  be  the  wheel  which  is  em-  Fiff.  4. 
ployed  to  elevate  the  rack  6',  and  let  their  mu- 
taal  action  uot  commence  till  the  acting  teeth 

•  Since  this  article  was  written,  I  have  seen  a  paper  by  Kaest- 
nCT  on  ibe  same  subject,  in  the  J\*ovi  Commetitarii  Hue.  Jieq-.  Got- 
ting.  1771,  torn.  2,  p  117;  but  it  contains  notliingnew,  excepting: 
a  method  of  describing  involutes  by  means  of  points. 
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F&ATE  XL.  iiave  readied  the  line  of  centres  AC.  In  this 
case,  C  becomes  as  it  were  the  pinion  or  wheel 
driven,  and  the  acting  faces  of  its  teeth  must 
be  interior  epicycloids^  formed  by  any  generat- 
ing circle  rolling  within  tlic  circumference  pq; 
but  as  j)q  is  a  straight  line,  these  interior  epi- 
cycloids will  be  cfjcloids\  or  trochoidsy  as  they 
are  sometimes  called,  wliich  are  curves  gene- 
rated  by  a  point  in  the  circumference  of  a  cir- 
cle, rolling  upon  a  straight  line  or  plane  sur- 
face. The  acting  face  op^  therefore,  will  be 
part  of  a  cycloid  formed  by  any  generating  cir- 
cle, and  lun^  the  actin^j  face  of  the  teeth  of  the 
wheel,  must  be  an  exterior  epicycloid  produced 
by  the  same  generating  circle  rollin^^  on  mr  the 
convex  surface  of  the  w  heel.  ^  If  it  be  required 
to  make  oj7  a  straiglit  line,  as  in  the  tigurc,  thea 
inn  must  be  an  involute  of  the  circle  /wr,  formed 
in  the  manner  represented  in  Fig.  1. 

Fig.  4.  likewise  represents  a  wheel  depress- 
inc  the  rack  c  when  the  third  mode  of  action  is 
used,  viz.  when  the  action  commences  above 
the  line  of  centres  and  is  carried  on  below  this 
line.  Jn  this  case  also  c  becomes  the  pinion^ 
and  DE  the  wlieel:  eh,  therefore,  must  be  pail 
of  an  interior  epicycloid  formed  by  any  gwe- 
rating  circle  rolling  on  the  concave  side  ex  of 
the  wheel,  and  be  must  be  an  exterior  epicy- 
cloid produced  by  the  same  generating  circle 
rolling  upon  the  circumference  of  the  rack. — 
The  remaining  part  cd  of  the  teeth  of  the 
>vheel,  must  be  an  exterior  epicycloid  described 
by  any  generating  circle  moving  upon  the  con- 
vex side  eX)  and  ba  must  be  an  interior  epicy- 

^  See  page  206; 
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bloid  formed  by  the  same  generating  circle  roll- 
ing  within  the  circumference  of  the  rack.  But 
as  the  circumference  of  the  rack  is  in  this  case 
a  straight  line,  the  exterior  epicycloid  be  and 
the  interior  one  ba  will  he  cycloids  formed  by 
the  same  generating  circles  which  are  employed 
in  describing  the  other  epicycloids.  Since  it 
would  be  diflicult;  however,  as  has  already 
been  remarked,  to  give  this  compound  curva- 
ture to  the  teeth  of  the  wheel  and  rack,  we 
may  use  a  generating  circle  whose  diameter  is 
etpial  to  Dx^  the  radius  of  the  wheel  for  de- 
scribing the  interior  epicycloid  eh,  and  the  ex- 
terior one  be  ;  and  a  generating  circle  whose 
diameter  is  equal  to  the  radius  of  the  rack  for 
describing  the  interior  epicycloid  aft,  and  the 
exterior  one  de  ;  ab  and  ehy  therefore,  will  be 
straight  lines,  be  will  be  a  cycloid,  and  de  an 
involute  of  the  circle  ex^  the  radius  of  the  rack 
being  infinitely  great. 

In  the  same  manner  may  the  form  of  the 
teeth  of  rackwork  be  determined,  when  the  se- 
cond mode  of  action  is  employed,  and  when 
the  teeth  of  the  wheel  or  rack  are  circular  or 
rectilineal.  But  if  the  rack  be  part  of  a  circle, 
£t  must  have  the  same  form  for  its  teeth  as  that 
of  a  wheel  of  the  same  diameter  with  the  circle 
of  which  it  is  a  part. 

In  machinery,  where  large  weights  are  to  be 
rused,  such  as  fulling-mills,  mills  for  pounding, 
&c.  or  where  large  pistons  are  to  be  elevated  by 
tlie  arms  of  levers,  it  is  of  the  greatest  conse- 
quence that  the  power  should  raise  the  weight 
,^\^  ^th  a  uniform  force  and  velocity;  and  this  can 
be  effected  only  by  giving  a  proper  form  to  the 
^pers  or  communicating  parts.   A  certain  class 
of  meclianics  generally  excuse  themselves  for 
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PiATB  XL.  uot  attending  to  the  proper  form  of  the  teeth  ot 
wheels,  by  alleging  that  the  scientific  form  dif- 
fers but  little  from  their  s,  and  that  teeth,  how- 
ever badly  formed,  will,  in  the  course  of  time^ 
work  into  their  proper  shape.  This  excuse^ 
however,  will  not  apologize  for  their  negligence 
in  the  present  case.  The  scientific  form  of  the 
wipers  of  stampers,  and  the  arms  of  levers,  are 
so  widely  different  from  the  form  which  is  gene- 
rally assigned  them,  as  to  increase  very  much 
the  performance  of  tlie  machine,  and  preserve 
its  parts  from  that  injury  which  is  always  occa- 
sioned by  the  want  of  a  uniform  motion. 

Now  there  are  two  cases  in  which  this  uni- 
formity of  motion  may  be  required,  and  each 
of  these  demands  a  different  form  for  the  com- 
municating parts.  1.  When  the  weight  is  to 
be  raised  perpendicularly,  as  the  piston  of  a 
pump,  &c.  S.  When  the  weight  to  be  raised 
or  depressed  moves  upon  a  centre,  and  rises  or 
falls  in  the  arch  of  a  circle,  such  as  the  sledge- 
hammer in  a  forge^  the  stampers  in  a  fulling- 
mill^  &c< 

Tig. 5.  1.  In  Fig.  5.  of  Plate  XL,  let  ABhe  an  axis 

driven  by  a  water-wheel  or  any  other  power,  at 
right  angles,  to  which  is  fixed  the  bar  mw,  on 
whose  extremities  the  wipers  nm  nm  are  fasten- 
ed. The  wiper  mn  acting  upon  the  arm  PEf 
raises  the  piston  or  weight  EF  to  the  required 
height.  The  piston  then  falls,  and  is  agaiu 
raised  by  the  lower  wiper.  We  have  I'epresent- 
ed  in  the  figure  only  one  piston,  but  it  often 
happens  that  two  or  three  are  to  be  employed^ 
and  in  this  case  the  axis  AB  must  carry  four  or 
six  wipers,  which  should  be  so  distributed  upon 
its  circumference,  that  when  one  piston  is  about 
to  fall^  the  other  may  begin  to  rise.    Now^  ia 


i 
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order  that  these  pistons  may  be  raised  with  a 
uniform  motion,  the  form  of  the  wiper  mn  must 
be  the  evolute  of  a  circle  whose  diameter  is  mm; 
or,  in  other  words,  tt  must  be  an  epicycloid, 
formed  by  a  generating  circle,  whose  centre  is 
infinitely  distant,  rolling  upon  the  convex  cir- 
cumference  of  another  circle  whose  diameter  is 
mm.  But  as  a  small  roller  P,  is  frequently 
flxed  to  the  extremity  of  the  arm  JBJ,  to  dimin- 
ish  the  friction  of  the  working  parts,  we  must 
draw  a  curve  within  the  above-mentioned  in- 
volute,  and  parallel  to  it,  the  distance  between 
ihem  being  equal  to  the  radius  of  the  roller  ;^ 
and  this  new  curve  will  be  the  proper  form  for 
the  wiper  mn  when  a  roller  is  employed. 

The  piston  EF  may  also  be  raised  or  depres- 
sed uniformly,  by  giving  a  proper  curvature  to 
the  arm  PE^  and  fixing  the  roller  upon  the 
extremities  of  the  bar  mm.  Thus,  in  Fig.  5. 
let  CD  be  an  axis,  moved  by  any  power,  in 
which  are  fixed  the  arms  DH^  MR,  having 
rollers  HR  at  their  extremities,  which  act  up- 
on the  curved  arm  oji.  When  the  piston  EF 
is  raised  to  the  proper  height  by  the  action  of 
the  roller  H  upon  op,  it  then  falls,  .and  is 
again  elevated  by  the  arm  M.  In  order  that 
its  motion  may  be  uniform,  the  arm  op  must  bo 
part  of  a  cycloid,  tlie  radius  of  whose  generat- 
ing circle  is  equal  to  the  length  of  the  arm 
ItH^  reckoning  from  its  extremity  fl,  or  the 
cenbre  of  the  roller,  to  the  centre  of  the  axle 
DC.  But  when  a  roller  is  fixed  upon  the  ex- 
*tremity  /T,  we  must  draw  a  curve  parallel  to 
the  cycloid,  and  without  it,  ^t  the  distance  of 

•  The  merbod  of  doing  this  is  sho\m  in  Plate  XXXMII,  Figf. 
4.    Seepages  210,  211. 
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Plate  XL.  the  Toller's  semi-diameter ;  and  this  eurvc  will 
be  the  proper  form  for  the  arm  op.  It  is  evi- 
dent that  when  this  mode  of  raising  the  piston 
is  adopted,  the  arm  DH  must  be  beut  as  in  the 
figure,  otherwise  the  extremity  p  would  prcr 
vent  the  roller  //  from  acting  upon  the  arm  op. 
'  pg  ^  In  Fig*  6.  wc  have  another  metliod  of  raising 
a  weight  perpendicularly  with  a  uniform  motion. 
Let  AH  be  a  wheel  moved  by  any  power  which 
is  sufficient  to  raise  the  weight  •Ww\''by  its  extre- 
mity Oj  from  0  to  e^  in  the  same  time  that  the 
wheel  moves  round  one  fourth  of  its  circumfer- 
ence, it  is  required  to  fix  upon  its  rim  a  wing 
OBCDEHy  which  shall  produce  this  effect  with 
a  unifoim  effort.  Divide  the  quadrant  Oil  into 
any  number  of  equal  parts  Om  inrij  &c.  the  more 
the  better,  and  oe  into  the  same  number  oby  bcy 
cdy  &c.  and  through  the  points  m^  n,  /?,  Hy  draw 
the  indefinite  \in^s  AB^ACfAD^AMy  and  make 
.iB  equal  to  Ab,  AC  to  Ac^  AD  to  Ad^  and  AE 
toAe;  then,  through  the  points  O,  if,  C^IJ^Ef 
draw  the  curve  OhCDE,  which  is  a  portion  of 
the  spiral  of  Archimedes,  and  will  be  the  proper 
-  form  for  the  wiper  or  wing  OIIE.^  It  is  evi- 
dent, that,  when  tlie  point  m  has  arrived  at  0^ 
the  extremity  of  the  weight  will  have  arrived  at 
h;  because  ti/j  is  equal  to  Ab^  and  for  the  same 
reason  when  the  points  n,/?,  //,  have  successive- 
ly arrived  at  0,  the  extremity  of  the  weight  will 

•  liave  arrived  at  the  corresponding  points  c,  d,  e. 

The  motion,  therefore,  will  be  uniform,  because 
tlie  space  described  by  the  weight  is  proportion- 
al to  the  space  described  by  the  moving  power, 
Ob  being  to  Oc,  as  Om  to  On.    If  it  be  requii-ed 

•  For  a  different  way  of  forming  this  apiral,  see  Wolfii  Open^ 
Malhcmutica,  torn,  i,  p.  399. 
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to  raise  the  weight  •WJV' with  an  accelerated  ot^latk 
retarded  motion^  we  have  only  to  divide  the  line  ^^'' 
Oey  according  to  the  law  of  acceleration  or  re- 
tardation^ and  divide  the  curve  OBCBE  as 
before. 

2.  Wlien  the  lever  moves  upon  a  centre,  the 
weight  will  rise  in  the  arch  of  a  circle,  and 
consequently  a  new  form  must  be  given  to  the 
wipers  or  wings.     The  celebrated  Deparcieux, 
of  the  Academy  of  Sciences  of  Paris,  has  giv- 
en an  ingenious  and  simple  method  of  tracing 
mechanically  the  curves  which  are  necessary 
for  this  purpose.     Though  this  method  was 
published  about  50  years  ago  in  the  Memoirs 
of  the  Academy,  it  docs  not  seem  tcf  be  at  all 
known  to  tlie  mechanics  of  this  country.     We 
shall,  therefore,  lay  it  before  tlie  reader  in  as 
^.bridged  and  simplied  a  form  as  the  nature  of 
the  subject  >vill  permit.     Let  AB  be  a  lever  Fig.  i. 
lying  horizontally,  which  it  is  required  to  raise 
uniformly  through  the  arch  BC  into  the  posi- 
tion  •ACf  by  means  of  the  wheel  jBF//  furnish* 
ed  with  the  wing  BJSTOP^  which  acts  upon  the 
extremity  C  of  the  lever ;  and  let  it  be  requir- 
ed to  raise  it  througli  BC  in  the  same  time  that 
the  wheel  BFH  moves  tlirough  one  half  of  its 
circumference;  that  is,  while  tbe  point •/!/ moves 
to  £  in  the  direction  MFB.    Divide  tlie  chord 
CjB  into  any  number  of  equal  parts,  the  more 
the  better,  in  the  points  1,  iS,  3,  and  draw  the 
lines  la,  S6,  3c,  parallel  to  JlBj  pr  a  horizontal 
line  passing  through  the  point  J3,  and  meeting 
the  arch  VB  in  the  points  a,  A,  c.     Draw  the 
lines  CJ9,  a7>,  6/>,  c/>,  and  BD^  cutting  the 
circle  BFH  in  the  points  iw,  w,o,  p. 

Having  drawn  the  diameter  BM^  divide  the 
8(}micircle  BFM  into  a^  many  equal  parts  as 
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the  chord  CB^  in  the  points  q^s^u.  Take  Bm- 
and  set  it  from  q  to  r:  take  Bn  and  set  it  from 
a  to  t:  take  Bo  and  set  it  from  it  to  v .-  and, 
lastly,  set  Bp  from  M  to  E.  Through  the  points 
r,  tf  Vy  Ey  draw  the  indefinite  lines  jDJV*,  HO, 
UP,  J»Q,  and  make  1>JV  equal  to  Dc  ;  BO 
equal  to  Bb;  BP  equal  to  Ba;  and  i^Q  equal 
to  BC.  Then,  through  the  points  ^P,  O, JV,B, 
draw  the  spiral  B^JVyO^P^Q,  which  will  be  the 
proper  form  for  the  wing  of  the  wheel,  when  it 
moves  in  the  direction  EMB. 

That  the  spiral  BJ^TO,  will  raise  the  lever  .AO, 
with  a  uniform  motion,  by  acting  upon  its  extre- 
mity c,  will  appear  from  the  sliglitest  attention 
to  the  cooflstruction  of  the  figure.  It  is  evident^ 
that  when  tlie  point  q  arrives  at  Bj  the  point  r 
will  be  in  m,  because  Bm  is  equal  to  qr^  and 
the  point  M*  will  be  at  e,  because  J9t^  is  equal 
to  Be ;  the  extremity  of  tlie  lever,  therefore^ 
will  be  found  in  the  point  r,  having  moved 
through  Be,  In  like  manner,  when  the  point 
s  has  arrived  at  By  the  point  t  will  be  at  Uy 
and  the  point  O  in  6,  Avhere  the  extremity  of 
the  lever  will  now  be  found ;  and  so  on  with 
the  rest,  till  the  point  M  has  arrived  at  B. — 
The  point  E  will  then  be  in  /?,  and  the  point 
1^  in  C;  so  tliat  the  lever  will  now  have  the 
position  JlCy  having  moved  through  the  equal 
heights  Bcy  cby  ba^  ac,^  in  the  same  time  that 
the  power  has  moved  through  the  equal  spaces 
qBy  sqy  U8n  Mu,  The  lever,  therefore,  has  been 
raised  uniformly,  the  ratio  between  the  velocity 

*  TIic  arclics  Be,  cb,  &c.  dre  not  equal  ;  but  the  perpendicu- 
lars lei  \'\\\  from  ilic  points,  c,  a,  by  &c.  upon  the  horizontal  lines, 
passing  ihiough  «,  b,  &c.  arc  equal,  being  proportional  to  the 
equal  lines,  cl,  1, 2.  Eucl.  VI,  2.  i-  ^ 
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of  the  powcr^  and  that  of  the  weighty  remain- 
ing always  the  same. 

If  the  wheel  J)  turns  in  a  contrary  direction^ 
according  to  the  letters  MHBj  we  must  divide 
the  semicircle  BHEM,  into  as  many  equal 
parts  as  the  chord  cB^  viz.  in  the  points  e^  g,  k* 
Then,  having  set  the  arch  Bm^  from  e  to  d^  the 
arch  Bn,  from  g  to/^  and  the  rest  in  a  similar 
manner,  drawthrougli  the  points  d^fy^iyEj  the 
indefinite  lines  Z>ft, DSy  DT, DO;  make  JJR 
equal  to  I)c  ;  1)S  equal  to  JDb  ;  j)T  equal  to 
J}a  ;  and  J9Q  equal  to  DC  ;  and,  through  the 
points  Bf  JR,  Sf  T,  Q,  describe  the  spiral 
JBRST^y  which  will  be  the  proper  form  for  th& 
M^ing,  when  the  wheel  turns  in  the  direction 
JUJEB.  For^  when  the  point  e  arrives  at  B^ 
the  point  d  will  be  in  m,  and  R  in  c,  where  the 
extremity  of  the  lever  will  now  be  found,  hav- 
ing moved  througli  Be  in  the  same  time  that 
the  power,  or  wheel,  has  moved  through  the 
division  eB.  In  the  same  manner  it  may  be 
shown,  that  the  lever  will  rise  through  the  equal 
heights  c6,  buj  aC^  in  the  same  time  that  the 
power  moves  through  the  corresponding  spaces 
eg,  gi,  iM.  The  motion  of  the  lever,  there- 
fore, and  also  that  of  the  power^  are  always 
uniform.  Of  all  the  positions  that  can  be  giv- 
en to  the  point  B,  the  most  disadvantageous  are 
those  which  are  nearest  the  points  F,  H;  and 
the  most  advantageous  position  is  when  the 
chord  Be  is  vertical,  and  passes,  when  pro- 
longed, through  1>,  the  centre  of  the  circle.* 
In  this  particular  case,  the  two  curves  have 
equal  bases,  though  they  differ  a  little  in  point 

•  In  the  iiijure  we  have  taken  the  point  -S  in  a  disadvantageous 
position,  because  the  intersections  arc  in  this  case  more  distinct. 
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of  curvature.  The  farther  that  the  centre  A 
is  distant,  the  nearer  do  these  curres  resem- 
ble each  other ;  and  if  it  were  infinitely  dis- 
tant^ they  would  he  exactly  similar,  and  ^ould 
be  the  spirals  of  Archimedes,  as  the  extre- 
mity Cy  would,  in  this  case,  rise  perpendicu- 
Jarly. 

The  intelligent  reader  will  easily  perceive, 
that  4,  6,  or  8  wings  may  be  placed  upon  the 
circumference  of  tlie  circle,  and  may  be  form-* 
ed  by  dividing  into  the  same  number  of  equal 
parts  as  the  chord  JiCy  ^^  ^,  or  4  of  the  circum- 
ference, instead  of  the  semicircle  BFM. 

That  the  wing  BJ\y)  may  not  act  upon  any 
part  of  the  lever  between  A  and  C,  the  arm  AC 
should  J[)c  bent ;  and  that  the  friction  may  be 
diminished  as  much  as  possible,  a  roller  should 
be  fixed  upon  its  extremity  C.  When  a  roller 
is  used,  however,  a  curve  must  always  be  drawn 
parallel  to  the  spiral  described  according  to  the 
preceding  method,  the  distance  between  it  and 
the  spiral  being  eveiy  where  equal  to  the  ra- 
dius  of  the  roller. 

When  two  or  more  wings  are  placed  upon  the 
circumference  of  the  wheel,  it  has  been  the  cus- 
tom of  practical  mechanics  to  make  them  por- 
tioBS  of  an  ellipse,  whose  semi-transverse  axis  ^8 
equal  to  QD,  the  greatest  distance  of  the  curve 
from  the  centre  of  tlie  circle.  But  it  will  appear, 
from  a  comparison  of  the  elliptical  arch,  with 
the  spiral  JV*,  that  it  will  not  produce  a  uniform 
motion. — If  it  should  be  required  to  raise  the 
lever  with  an  accelerated  or  retarded  motion,  we 
have  only  to  divide  the  chord  J5C,  according  to 
the  degree  of  retardation  or  acceleration  requir- 
ed, and  the  circle  into  the  same  number  of  equal 
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parts  as  before,  and  then  describe  the  curve  ac-  P'^^ti 
cording  to  the  method  already  laid  doWn.         ^^^' 

As  it  is  frequently  more  convenient  to  taise 
or  depress  weights  by  the  exferemiiy  of  a  coni. 
stant  radius,  furnished  with  a  roller  instead  of 
wings  fixed  upon  the  periphery  of  a  wheel,  we 
shall  now  proceed  to  determine  the  curve  which 
must  be  given  to  the  arm  of  the  lever,  which  is 
to  be  raised  or  depressed,  in  order  that  this  el- 
evation or  depression  may  be  effected  with  a 
uniform  motion. 

hetA/i  be  a  lever,  which  it  is  required  to  ^»8r  2 
raise  uniformly  through  the  arch  7iC,  into  the 
position  t(2C,  by  means  of  the  arm  or  constant 
radius  DE,  moving  upou  I)  as  a  centre,  in  the 
same  time  that  the  extremity  E  describes  the 
arch  EeF.  From  the  point  C  draw  CH  at 
right  angles  ioABj  and  divide  it  into  any  num- 
ber of  equal  parts,  suppose  tliree,  in  the  points 
1,  S ;  and  tlirough  the  points  1,  2,  draw  ia^ 
SA,  parallel  to  the  horiz(mtal  line  ABj  cutting 
the  arch  CB  in  the  points  a,  6,  through  which 
draw  aAn  bJl.  Upon  1>  as  a  centre,  with  the 
distance  jDJB,  descrilie  the  arch  EieF^  and 
upon  •/!  as  a  centre,  with  the  distance  ADj  de- 
scribe the  arcli  eOD^  cutting  the  arch  EieF in 
the  point  e.  Divide  the  arches  Eie  and  Fse^ 
each  into  the  same  number  of  equal  parts  as 
the  perpendicular  cJL  in  the  points  A",  7,  «,  th, 
and  through  tliese  points,  about  the  centre  Ji, 
describe  tlie  arches  kz.  ig,  gr^  mn.  Take  zx 
and  set  it  from  k  to  /,  and  take  gf  and  set  it 
from  i  to  h.  Take  rq  also  and  set  it  from  8  to 
t^  and  set  mn  from  0  to  /;,  and  dc  from  e  to  O. 
Then  through  the  points  E.  I.  h.  f/,  and  O,  t.  /?,  JP, 
draw  the  two  curves  Elh  f/,  and  OtpF^  which 
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tvill  be  tlic  proper  fwin  that  must  be  given  to 
tlie  arm  of  the  lever.  If  the  handle  BE  move 
from  K  towards  ¥.  the  curve  EO  must  be  used, 
but  if  in  the  contrary  direction,  we  must  employ 
the  curve  OF. 

It  is  evident  that  when  the  extremity  E  of  the 
handle  1)E^  has  run  through  the  arch  ElCy  or 
rather  El,  the  point  /  will  be  in  1i\  and  the  poiut 
%  in  .1',  because  .vz  is  equal  to  ki,  and  the  lever 
will  have  the  position  M.  For  the  same  rea- 
son, when  tlie  extremity  E  of  the  handle  has 
arrived  at  i,  tlie  point//  will  be  in  i,  and  the  point 
g  infj  and  the  lever  will  be  raised  to  the  position 
•ia.  Thus,  it  appears,  that  tlie  motion  of  the 
power  and  the  weight  are  always  proportional. 
When  a  roller  is  fixed  at  U,  a  curve  pai\allel  to 
EOy  or  Oh\  must  be  drawn  .as  formerly. 

It  is  upon  these  principles  that  the  detent 
levers  of  clocks,  and  those  connected  with  the 
striking  part,  should  be  formed.  In  eveiy  ma- 
chine, indeed,  where  weights  are  to  be  raised 
or  depressed,  either  by  variable  or  constant 
levers,  its  performance  depends  much  on  the 
proper  form  of  the  communicating  parts. 

Hitherto  we  have  supposed,  that  the  wheel 
which  carries  the  wipers  or  w  ings,  moves  in 
the  same  plane  with  the  lever  or  weight  to  be 
■  raised.  Circumstances,  however,  often  occur, 
which  render  it  necessary  to  elevate  the'  lever 
by  means  of  a  w  heel  moving  at  right  angles  to 
the  plane  in  which  the  lever  moves :  and  when 
this  method  is  adopted,  a  diflerent  form  must 
be  given  to  the  wipers.  As  no  writer  on  me- 
chanics, so  far  as  I  know,  has  treated  upon 
this  subject,  it  becomes  the  more  necessary  to 
supply  the  defect  by  a  few  observations. 


Mechanics.  S43 

Let*4BC  (Fig.  3.)  be  the  Icvor  wliicli  is  to  be P"-^" 
raised  round  the  axis  AIJ,  by  tlie  action  of  tlic^i^l - 
wing  mn  of  tlie  wheel  1).  upon  the  roller  C, 
fixed  at  the  extremity  of  the  lever; — it  is  re- 
quired to  find  the  form  which  must  be  given  to 
the  wiper  nin.  It  is  evident  from  Fig.  4.  where  Fig.  4. 
CB  is  a  section  of  the  lever  and  roller,  and  Jf^A 
the  arch  through  which  it  is  to  be  raised^  that 
the  breadth  of  the  wiper  must  always  be  equal 
to  mn  or  rli,  the  versed  sine  of  the  arch  BA^ 
through  which  the  roller  moves,  so  that  the  ex- 
tremity n  of  the  wiper  may  act  upon  the  roller 
B  at  the  commencement  of  the  motion,  and  the. 
other  extremity  vi  may  act  upon  the  roller  A, 
when  the  lever  arrives  at  the  required  position 
CA.  It  is  easy  to  perceive,  however,  tliat  if  the 
acting  surface  mn  of  the  wiper  be  always  paral- 
lel to  the  horizon,  or  perpendicular  to  the  radii 
of  the  wlicel,  or  the  plane  in  which  it  moves,  it 
will  act  disadvantageously,  except  at  the  com- 
mencement of  the  motion,  when  mn  is  parallel 
to  CB.  For  when  mn  has  arrived  at  the  posi- 
tion opy  the  extremity  o  will  act  upon  the  rol- 
ler »J,  but  in  such  an  oblique  and  disadvanta* 
geous  manner,  that  it  will  scarcely  have  any 
power  to  turn  it  upon  its  axis,  or  move  the  le- 
ver round  the  fulcrum  C.  The  friction  of  the 
roller  upon  its  axis,  therefore,  will  increase, 
and  the  power  of  the  wiper  to  turn  the  lever  * 
will  diminish,  in  jiroportion  to  the  length  of 
the  arch  RA  ;  and  if  CJl  arrive  at  a  vertical 
position,  the  p<»wcr  of  the  wing  will  be  solely 
employed  in  wrenching  it  from  its  fulcrum. 

In  order  to  avoid  this  inconvenience,  we  must 
«;ndeavour  to  give  such  a  form  to  the  wiper, 
that  its  acting  surface  may  always  be  parallel 
to  the  lever;  or  axi<5  of  the  i-gller,  havinj:  tU^ 
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Plate      position  mn  when  Ihe  roller  is  at  B,  and  the 

jiosition  ob  when  tlie  roller  is  at  A. 

Having  stated  tlie  peculiarities  of  this  con^ 
stiTLction^  let  us  now  attend  to  the  method  by 
whicli  the  acting  surface  of  the  wiper  must  be 
formed-  Since  the  lever  CJi  is  to  be  raised  per- 
pendiculiirly  through  the  equal  spaces  re,  cOj 
aJl^  in  equal  times^  the  apting  surface  of  the 
wiper  must  evidently  he  part  of  the  spiral  qf 
Archimedes,^  the  metliod  of  describing  whicli 
is  shewn  in  Fig.  6.  of  Plate  XL;  but  the  diffi- 
culty lies  in  giving  diflerent  degrees  of  inclina- 
tion to  the  acting  surface,  in  order  that  the  part 
in  contact  with  the  roller  may  be  parallel  to  the 
fig.  6.  direction  of  the  lever.  Let  *if.  Fig.  6.  be  the 
wheel  which  is  to  befurni'^hed  with  wings,  and 
let  Cbj  the  perpcndieuhir  height  through  which 
the  lever  is  to  rise,  be  e(|ual  to  Av  in  Fi  .  4.  Di- 
vide the  quadrant  i>6  into  any  number  of  equal 
parts,  the  uunv,  the  beller,  su]q)ose  thi'ee,  in  the 
points  c  and  ?*,  aJid  dencribe  the  spiral  of  Ar- 
rhimedes,  Itht  C,  as  formerly  ilirectcd.  Divide 
JL)\  (Fig.  4.)  the  sine  of  the  arch  lUL  into  the 
same  niuabor  of  equal  parts  in  the  points  c,  a, 
and  draw  af)  vg,  parallel  to  r/f,  and  cutting 
tlie  circle  in  the  points  rf,  e,  and  the  tangent  jBA 
in  the  points  /,  g;  and  through  the  points  C 
and  d  draw  CkL  The  line  df  is  equal  to  the 
diflerence  betweeu  radius  and  the  co*sine  of  the 
arch  d  ;  fi  \a  equal  to  the  diflerence  between 
Ihe  tangent  and  the  sine  of  the  same  arch  ;  iJ& 
being  the  tangevit,  and  fB  the  sine  of  the  aich 
dli,  or  augki  dcB  ;  ad  is  equal  to  (if — df^  or 
to  the  difte.r(»nce  between  df  and  the  versed 
slue  of  the  whole  arch  Jib;  and  vk  is  equal  to 

*  See  paee  C*)6. 
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for,  on  liccount  of  the  similar  triangles, 

df 

4/?,  daJcy  we  have  df:  fi=da  :  ak^ ;  and,  con- 

fixda. 
sequently,  ak=z 

df. 
Since  then  the  points  r,  c,  a,  ^,  (in  Fig-  4.) 
eon'espond  respectively  with  the  points  J>,  i,  n, 
C,  of  the  spiral  in  Fig.  6.  take/i  and  set  it  from 
n  to  m^  and  a£:  from  n  to  o  ;  take  also  gh^  and 
fiet  it  from  i  to  A  (Fig.  6.) ;  set  cq  from  i  to  fr, 
and  make  cB  in  Fig.  6.  equal  to  pb  in  Fig.  4. 
or  the  difference  between  the  tangent  and  sine 
of  the  arch  .AB ;  and,  through  tlie  points  D,  Tcj 
Oj  C,  and  1>,  A,  7/2,  B^  draw  the  curves  JDoC, 
IhnBy  whicli  will  be  the  proper  form  for  the 
sides  OJV,  J/P,  of  the  spiral  wiper  MOJ^P 
(Fig.  5.);  the  acting  surface  MOJS^P  must  thenpi^.  5- 
be  wrought  in  such  a  manner  as  to  consist  of  a 
variety  of  planes,  differently  inclined  to  the 
plane  BOJ\*  of  the  wiper,  the  inclination  being 
nothing  at  O  and  J/,  but  increasing  gradually 
till  the  inclination  at  JV*,  P,  becomes  equal  to 
the  angle  DCE,  or  ACB,  in  Fig.  4.t  From 
the  construction  of  ¥iz.  4.  it  is  evident  that  the 
arches  Be^  edj  dAy  are  not  equal,  nor  are  they 
aliquot  parts  o{  JIB.  But  since  the  arch  •SB^ 
and  its  sine  Jlr  are  known,  and  since  the  sines 
of  the  other  arches  are  known,  viz.  ftc,  fta,  the 
arches  themselves  may  be  easily  found  by  a 
table  of  natural  sines. 

•  The  lines  4/*,  ft,  ad,  ak,  may  also  be  found  geometrically 
by  making  ^C  equal  to  the  real  length  of  the  lever. 

j-  The  curves  which  must  be  employed  in  practice,  should  be 
curves  draw-n  parallel  to  those  formed  by  the  preceding  method^ 
%t  th^  distance  of  the  scml-diameter  of  the  roller. 
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Platb  In  Fig.  5.  wc  have  a  perspective  view  of  a 

^^'  ivhcel  furnished  with  two  w  ipers  formed  in  this 
manner.  FC  and  UV  correspond  with  bC  and 
r.iy  in  Figs.  .6.  and  4.  The  curves  AnmC^ 
and  OPf  correspond  with  DkoC  in  Fig.  6.  and 
MP  with  DhrnB.  The  diagonal  curve  JIf  JV 
corresponds  with  the  diagonal  curve  DinC, 
and  OM,  the  breadth  of  the  wiper,  witli  mn  or 
rJ5,  the  versed  sine  of  tlie  arch  .4jB,  in  Fig.  4. 
The  breadth  OJW^  hoAvever,  should  always  be 
a  little  greater  than  the  versed  sine  of  the  arch 
*  through  which  the  lever  is  to  be  raised,  since 
MJ^  is  the  path  of  the  roller  over  the  wipers 
surface. 

Having  thus  described  the  diflerent  methods 
of  raising  weights,  whether  perpendicularly  or 
round  a  centre,  with  a  uniform  velocity  and 
force :  it  would  be  unnecessary  to  apply  the 
principles  of  construction  to  those  machines 
Avhich  are  formed  for  the  elevation  of  weights. 
The  practical  mechanic  can  easily  do  this  for 
himself.  Tliere  is  one  case,  liowever,  wliich 
deserves  peculiar  attention,  because  the  Avipers, 
formed  scientifically,  will  not  produce  the  in- 
tended effect.  This  happens  in  the  large  sledge- 
hammer which  is  employed  in  forges.  In  Fig, 
^'^K-  T'-  7«  BC  is  a  lar^e  hammer  moved  round  A  as  a 
centre,  by  means  of  the  wiper  •.Wll^  acting  upon 
^  its  extremity  .l(\  or  upon  the  roller  11.     The 

hammer  must  he  tossed  up  with  a  sudden  mo- 
tion, so  as  ^o  strike  the  elastic  oaken  spring  J?, 
which,  being  compressed,  drives  back  the  ham- 
mer with  great  force  upon  the  anvil  J).  Now^, 
if  spiral  wipers,  constructed  according  to  the  di- 
rections already  given,  are  emjjloyed,  the  ham- 
mer will  indeed  be  raised  equably  without  the 
!east  jolting,  but  it  will  rise  no  higher  than  the 
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wiper  lifts  it^  and  will  therefore  fall  merely  with 
its  own  weight.  But  if  the  wipers  are  construct- 
ed in  the  common  way,  and  the  hammer  elevat- 
ed witli  a  motion  greatly  accelerated,  it  will  rise 
much  higher  than  the  wiper  lifts  it — it  will  im- 
pinge against  the  oaken  beam  Ej  and  be  repel- 
led with  gi*eat  effect  against  the  iron  on  the  an- 
vil jD«  In  any  of  the  preceding  constructions^ 
this  accelerated  motion  may  be  produced,  mere- 
ly by  dividing  BL  (Plate  XLl,  Fig.  1  and  S.) 
according  to  the  law  of  acceleration;  and  pro- 
ceeding as  already  direQtedi 
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On  the  natiira  and  construction  of  Wind-milU* 


Description  of  a  icind-inilL 

Ptilb  the  limited   rnid  impoifect  maunop  iu 

which  Mr,  Ferguson  lias  treated  of  wind-mills 
in  the  preceding  volume,  renders  it  necessary 
that  the  suliject  should  now  be  prosecuted  al 
greater  length.  The  tew  observations  which 
he  has  made  upon  these  machines,  presuppose 
that  the  reader  is  acquainted  with  their  nature 
and  construction :  a  species  of  knowledge  which 
is  not  to  be  expected  in  the  readers  of  a  popu- 
lar an<l  elementary  work.  For  the  purpose  of 
supplying  this  defect,  and  enabling  the  reader 
to  understand  the  ol>servations  which  may  be 
made  on  the  form  and  position  of  the  sails^  and 
on  the  relative  advantasres  of  horizontal  and 
vertical  wind-mills,  we  shall  give  a  descrip- 
tion of  a  wind-mill  invented  bv  Mr.  James 
Verrier,  containing  several  improvements  ou 
the  common  construction,  for  which  the  author 
was  liberally  rewarded  by  the  Society  of  Ails. 

T\g.  1.  This  machine  is  represented  in  Fig.  1.  where 

«9.i.l  are  the  three  principal  posts.  i7  feet  7,^ 
inches  long,  22  inches  broad  at  their  lower 
extremities,  18  inches  at  their  upper  euds^ 
and  17 inches  thick.     The  column^  is  13  feet 
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%\  inches  long^  19  inches  in  diameter  at  Mh 
lower,  and  16  inches  at  its  upper  extremity :  it 
is  fixed  in  the  centre  of  the  mill,  passes  through 
the  first  floor -B,  having  its  upper  extremity  se^ 
cured  by  the  bars  GG.  EEE  are  tlie  girders 
of  the  first  floor,  one  of  whicli  only  is  seen,  be- 
ing 8  feet  3  inches  long,  11  inches  broad,  and 
9  thick :  they  are  mortised  into  the  posts  .lAA 
and  the  column  /?,  and  are  about  8  feet  3  inches  ' 
distant  from  the  ground  floor.    DllD  are  three 

.;  posts  6  feet  4  iuflies  long,  9  inches  broad,  and  6        « 
inches  thick  :  thev  are  mortised  into  the  srirders 

'  >&f  of  the  first  and  second  floor,  at  the  distance* 
of  2  feet  4  inches  from  the  posts  .4,  &c.  FFF 
are  the  girders  of  the  second  floor,  6  feet  long, 
11  inches  broad,  and  9  thick :  they  are  mortised 
into  the  posts  .4,  &c.  and  rest  upon  the  upper 
extremities  of  the  post  Z/,  &c.  The  three  bars 
GGG  are  3  feet  I4  inches  long,  7  inches  broad^ 
and  3  thick  :  they  are  mortised  into  the  posts 
J}  and  the  upper  end  of  the  column  By  4  feet 
3  inches  above  the  floor.  P  is  one  of  the  beams 
which  support  the  extremities  of  the  l)ray-trees 
or  brayers :  its  length  is  %  feet  4  inches,  it^ 
breadth  8  inches,  and  its  thickness  6  inches.  I 
is  one  of  the  bray-trees  into  which  the  extremity 
of  one  of  the  bridge-trees  K  is  mortised.  Each 
bray- tree  is  4  feet  9 1  inches  lo"g?  9  2  inches  broad, 
and  7  thick ;  and  each  bridge-tree  is  4  feet  6 
inches  long,  9  inches  broad,  and  7  thick,  being 
fornished  with  a  piece  of  brass  on  their  upper 
surface  to  receive  the  under  pivot  of  the  mill- 
stones. LL  are  two  iron  screw-bolts,  which 
raise  or  depress  the  exlremiiiesof  the  bray-trees. 

..MMM  are  the  three  millstones,  and .WV.A*  the 

t  iron  spindles  or  arbors  on  which  the  turning 
millstones  are  fixed.     O  is  one  of  three  wheels 
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or  trundles  which  arc  fixed  on  tlie  upper  ends  of 
the  spindles  JrJWV'*.*  they  arc  16  inches  in  diame- 
ter, and  each  is  furnished  with  14  staves,  /is 
one  of  the  carriage-rails  on  which  the  upper  pivot 
of  the  spindle  turns,  and  is  4  feet  S  inches  long^ 
7  inches  broad,  and  4  thie)c.  It  turns  on  an  iron 
bolt  at  one  end  ,and  t  he  other  end  slides  in  a  brack- 
et fixed  to  one  of  the  joists,  and  forms  a  mortise 
in  which  a  wedge  is  driven  to  set  the  rail  and 
trundle  in  or  out  of  work :  t  is  the  horizontal 
•  spur-wheel  that  impels  the  trundles;  it  is  5  feet6 
indies  diameter,  is  fixed  to  the  perpendicular 
shaft  Ty  and  is  furnished  with  43  teeth.  The 
perpendicular  shaft  T  is  9  feet  1  inch  long,  and 
14  inches  in  diameter,  having  an  iron  spindle  at 
each  of  its  extremities,  the  under  spindle  turns 
in  a  brass  block  fixed  into  the  higher  end  of  the 
column  B;  and  the  upper  spindle  moves  in  a 
brass  plate  inserted  into  the  lower  surface  of  the 
carriage-rail  C  The  spur-wheel  r  is  fixed  on 
the  upper  end  of  the  shaft  Z^  and  is  turned  by 
the  crown-wheel  v  on  the  windshaft  c,  it  is  3  feet 
3  inches  in  diameter,  and  is  furnished  with  19 
dogs.  The  carriage-rail  C\  which  is  fixed  on  the 
sliding  kerb  Z^  is  17  feet  2  inches  long,  1  foot 
broad,  and  9  inches  thick.  YY^  is  the  fixed  kerb^ 
17  feet  3  inches  diameter,  14  inches  broad,  and 
10  thick,  and  is  mortised  into  the  posts  JSmAJf 
and  fastened  with  screw-bolts.  The  sliding  kerb 
Z  is  of  the  same  diameter  and  breadth  as  the 
fixed  kerb,  but  its  thickness  is  only  7?  inches. 
It  revolves  on  i2  friction-rollers  fixed  on  the  up- 
per surface  of  tlie  kerb  YY({j  and  has4ironhaU> 
staples  F,F,  &c.  fastened  on  its  outer  edge,  whose 
perpendicular  arms  are  10  inches  long,  2  inches.  . 
l)roafl,  and  1  inch  thick,  and  embrace  the  outer  \ 
edge  of  the  fixed  kerb^  to  prevent  the  sliding  one 
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from  bein^  blown  off.  The  capsills  Xy  V^  are 
13  feet  9  itiches  long^  14  inches  broad^  and  1 
foot  thick :  they  are  fixed  at  each  end  with  strong 
iron  screw-bolts  to  the  sliding  kerb,  and  to  the 
carriage-rail  C.  On  the  right  liand  of  w  is  seen 
the  extremity  of  a  cross  rail,  which  is  fixed  into 
the  capsills  JT  and  V  by  strong  iron  bolts :  e  is  a 
bracket  5  feet  long*  16  inches  broad^  and  10 
inches  thick ;  it  is  bushed  with  a  strong  brass 
collar^  in  which  the  inferior  spindle  of  the  wind- 
nhsSt  turns^  and  is  fixed  to  the  cross  rail  w :  b  is 
another  bracket  7  feet  long,  4  feet  broad,  and  10 
inches  thick ;  it  is  fixed  into  the  fore  ends  of  the 
capsills,  and  in  order  to  embrace  the  collar  of  the 
windshaft,  it  is  divided  into  two  parts,  which  are 
fixed  together  witli  screw-bolts.  The  wiudshaft 
c  is  15  feet  long,  2  feet  in  diameter  at  the  foi-eend, 
and  18  inches  (it  the  other :  its  pivot  at  the  back 
end  is  6  inches  diameter ;  and  the  shaft  is  perfo- 
rated  to  admit  an  iron  rod  to  pass  easily  through 
it.  The  vertical  crown-wheel  v  is  6  feet  in  diam- 
eter^ and  is  furnished  with  54  cogs,  which  drive 
the  spur-wheel  r.  The  bolster  d,  which  is  6 
feet  3  inches  long,  13  inches  broad,  and  half  a 
foot  thick,  is  fastened  into  tiie  cross  rail  tc,  di- 
Teetly  under  the  centre  of  the  windshaft,  having 
a  brass  pulley  fixed  at  its  fore  end.  On  the  upper 
enrface  of  this  bolster  is  a  groove,  in  which  the 
sliding  bolt  R  moves,  having  a  brass  stud  at  its 
fore  end.  This  sliding  bolt  is  not  distinctly  seen 
in  the  figure,  but  the  round  top  of  the  brass  stud 
is  visible  below  the  letter  h :  the  iron  rod  that 
passes  through  the  windsliaft  bears  against  this 
brass  stud.  The  sliding  bolt  is  4  feet  9  inches 
long,  9  inches  broad,  and  -^  of  a  foot  thick.  At 
its  fore  end  is  fixed  a  line  which  passes  over  the 
brass  pulley  in  the  bolster,  and  appears  at  a  with 
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*  Plate  ft  weiglit  attaclicd  to  its  extremity,  sufficient  io 
^*^"'  make  the  sails  face  the  wind,  that  is  strong 
enough  for  the  number  of  stones  employed; 
and,  Mhen  tlie  pressure  of  the  wind  is  more 
than  suflicient,  tlie  sails  turn  on  an  edge,  and 
press  back  the  sliding  bolt,  which  prevents  them 
from  moving  with  too  great  veh>cily;  and  as  soon 
as  the  wind  abates,  tlie  sails,  by  the  weight  a^ 
are  pressed  up  to  the  wind  till  its  force  is  suffi- 
cient to  give  the  mill  a  proper  degree  of  velo- 
city. By  this  apparatus  the  wind  is  regulated 
and  justly  proportioned  to  the  resistjince  or  work 
to  be  performed  ;  an  uniformity  of  motion  is  al- 
so obtained,  and  the  mill  is  less  liable  to  be  de- 
stro;yed  by  the  rapidity  of  its  motion. 

That  the  reader  may  understand  how  tlicsc 
cfiects  are  produced,  we  liave  represented,  in 
yig.  2.  ¥ig.  2.  the  iron  rod,  and  the  arms  which  bear 
against  the  vancsj,;  ah  is  the  iiH>n  rod  which 
passes  through  the  Avindshaft  c  in  Fig.  1. ;  A  is 
the  extremity  which  moves  in  the  brass  stud  that 
is  fixed  upon  the  sliding  bolt :  ai,  ain  &c.  are 
the  cross  arms  at  right  angles  to  aA,  whose  ex- 
tremities h\  similarly  marked  in  Fig.  1,  bear 
upon  the  edges  of  the  vanes.  The  arms  ai  are 
6  J  feet  long,  reckoning  from  the  centre  a,  1  foot 
broad  at  the  centre,  and  5  inches  thick ;  the 
arms  w,  r?,  &c.  that  carrv  the  vantvs  or  sails,  are 
J8>  feet  long,  their  greatest  breadth  is  4  foot, 
and  their  thickness  is  9  inches,  gradually  di- 
minishing to  their  extremities,  where  they  are 
only  3  inches  in  diameter.  The  4  cardinal  sails, 
?w,  7w,  ?«,  w?,  are  each  1 3  feet  long.  8  feet  broad  at 
their  outer  ends,  and  3  feet  at  their  lower  extre- 
niities ;  jh  i^  ^^-  ^^'^  ^'i^  *  assistant  sails,  which 
have  the  same  dimensions  as  the  cardinal  ones 
to  which  they  are  joined  by  the  line  SSSS. — 
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The  angle  of  the  sail's  inclination^  when  first 
opposed  to  the  wind,  is  45  degrees,  and  regu- 
larly the  same  from  end  to  end. 

It  is  evident,  from  the  preceding  description 
of  this  machine,  that  the  windshaft  c  moves  a- 
long  with  the  sails  :  the  vertical  crown-wheel 
V  impels  the  spur-wheel  r,  fixed  upon  the  axis 
T,  which  carries  also  the  spur-wheel  /.  This 
wheel  drives  the  three  trundles  Hj  one  of  which 
only  is  seen  in  the  figure,  which,  heing  fixed 
upon  the  spindles  »V,  &c.  communicate  motion 
.to  the  turnins:  millstones. 

That  the  wind  may  act  with  the  greatest  ef- 
ficacy upon  the  sails,  the  windshaft  or  principal 
axis  must  always  have  tlie  same  direction  a^  the 
wind.  But  as  this  direction  is  perpetually  chan- 
ging, some  apparatus  is  necessary  for  bringing 
the  windshaft  and  sails  into  their  proper  posi- 
tion. This  is  sometimes  effected  by  supporting 
the  machinery  on  a  strong  vertical  axis,  whose 
pivot  moves  in  a  brass  socket  firmly  fixed  into 
the  ground,  so  that  the  whole  machine,  by  means 
of  a  lever,  may  be  made  to  revolve  upon  this 
axis,  and  be  properly  adjusted  to  the  direction 
of  the  wind.  Most  wind-mills,  however,  are 
furnished  with  a  moveahlci  roof,  which  revolves 
upon  friction- rollers  inserted  in  the  fixed  kerb  of 
the  mill ;  and  the  adjustment  is  effected  by  the 
assistance  of  a  simple  lever.  As  both  these  me- 
thods of  adjusting  the  windshaft  require  human 
assistance,  it  would  be  verv  desirable  that  the 
same  effect  should  be  produced  solely  by  the 
action  of  the  wind.  This  may  be  done  by  fixing 
a  larare  wooden  vane  or  weathercock  at  the  ex- 
tremity  of  a  long  horizontal  arm  wliich  lies  in 
the  same  vertical  pKine  with  the  windshaft.  I)y 
this  means,  when  the  surface  of  the  vane,  and  its 
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distance  from  the  centre  of  motion  are  fliufficient- 
ly  great,  a  very  gentle  breeze  will  exert  a  BufB** 
cient  force  upon  the  vane  to  turn  the  machinery^ 
and  will  always  bring  the  sails  and  windshaft  to 
their  proper  position.  This  weathercock,  it  is 
evident^  may  be  applied  either  to  machines 
which  have  a  moveable  roof,  or  which  revolve 
upon  a  vertical  arbor. 

Prior  to  the  French  revolution,  wind-mills 
were  more  numerous  in  Holland  and  the  Neth- 
erlands than  in  any  other  part  of  the  world,  and 
there  they  seem  to  have  been  brought  to  a  very 
hieh  state  of  perfection.  This  is  evident,  not 
only  from  the  experiments  of  Mr.  Smeaton^ 
from  which  it  appears,  that  sails  weathered  in 
the  Dutch  manner,  produced  nearly  a  maximum 
effect,  but  also,  from  tiie  observations  of  the  ce- 
lebrated Coulomb.  This  philosopher  examined 
above  50  wind-mills  in  the  neighbourhood  of 
Lisle,  and  found  that  each  of  them  performed 
nearly  the  same  quantity  of  work  when  the  wind 
moved  with  the  velocity  of  18  or  20  feet  per  se- 
cond, though  there  were  some  trifling  differences 
in  the  inclination  of  their  windshafts,  and  in  the 
disposition  of  their  sails.  From  this  fact.  Cou- 
lomb justly  concluded  that  the  parts  of  the  ma- 
chine must  have  been  so  disposed  as  to  produce 
nearly  a  maximum  effect. 

In  the  wind-mills  on  which  Coulomb's  expe-« 
rinients  were  made,  the  distance  from  the  extre- 
mity of  each  sail,  to  the  centre  of  the  windshafi 
or  principal  axis,  was  83  feet.  The  sails  were 
rectan£;ulnr,  and  their  width  was  a  little  more 
than  6  feet,  five  of  which  were  formed  with  cloth 
stretched  upon  a  frame,  and  the  remaining  foot 
consisted  of  a  very  light-board.  The  line  which 
joined  the  board  and  the  cloth  formed^  on  the 
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side  which  faced  the  wind^  an  angle  sensibly 
concave  at  the  commencement  of  the  sail^  which 
diminished  gi*adually  till  it  vanished  at  its  ex* 
tremity.  Though  the  surface  of  the  cloth  was 
curved,  it  may  be  regarded  as  composed  of 
right  lines  perpendicular  to  the  arm  or  whip 
which  carries  the  frame,  the  extremities  of  these 
lines  corresponding  with  the  concave  angle 
formed  by  the  junction  of  the  cloth  and  the 
board.  Upon  this  supposition,  these  right  lines 
at  the  commencement  of  the  sail,  which  was 
distant  about  6  feet  from  the  centre  of  the  wind- 
Bhaft,  formed  an  angle  of  60  degrees  with  the 
axis  ox  windshaft,  and  the  lines  at  the  extre- 
mity of  the  wing  formed  an  angle  increasing 
from  78  to  84<  degrees,  according  as  the  incli- 
nation of  the  axis  of  rotation  to  the  horizon  in- 
creased from  8  to  15  degrees;  or,  in  other  words^ 
the  greatest  angle  of  weather  was  30  degrees, 
and  the  least  varied  from  13  to  6  degrees,  as 
the  inclination  of  the  windshaft  varied  from  8 
to  15  degrees.*  A  pretty  distinct  idea  of  the 
surface  of  wind-mill  sails  may  be  conveyed  by 
conceiving  a  number  of  triangles  standing  per- 
pendicular to  the  horizon,  in  which  the  angle 
contained  between  the  hypothenuse  and  the 
base  is  constantly  diminishing :  the  hypotlie- 
nuse  of  each  triangle  will  then  be  in  the  super- 
ficies of  the  vane,  and  they  would  form  that 
superficies,  if  their  number  were  infinite. 

•  The  veatfier  of  the  sails  is  llie  angle  which  the  surface  of  the 
sails  forms  with  the  plane  of  their  motion,  and  is  always  equal  to 
the  complement  of  the  an^fle  which  that  surface  furnti  with  the 
«zis. 
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On  the  farm  and  position  of  wind -mill  sails, 

M.  Parent  seems  to  liave  been  the  first  ma* 
thematician  who  considered  the  subject  of  wind- 
mill sails  in  a  scientific  manner.     The  philo- 
sophers of  his  time  entertained  sucli  erroneous 
opinions  upon  this  pointy  as  to  suppose  that  the 
surface  of  tlie  sails  shouhl  be  equally  inclined 
to  the  direction  of  the  wind  and  the  plane  of 
their  motion  ;  or,  what  is  the  same  things  that 
the  angle  of  weather  should  be  45  degrees.* 
But  it  appears  from  the  investigations  of  Parent^ 
that  a  maximum  effect  will  be  produced  when 
the  sails  are  inclined  54^  degrees  to  the  axis  of 
rotation,  or  when  the  ani^rle  of  weather  is  354  de- 
grces.     In  obtaining  this  conclusion,  how^ever, 
M.  Parent  has  assumed  data  which  are  inadmis- 
sible^ and  has  neglected  several  circumstances 
which  must  materially  affect  the  result  of  his 
investigati(ms.     The  angle  of  inclination  as- 
signed by  Parent,  is  certaiply  the  most  effica« 
cious  for  giving  motion  to  the  sails  from  a  state 
of  rest,  and  for  preventing  them  from  stopping 
when  in  motion;  but  he  has  not  considered 
that  the  action  of  the  wind  upon  a  sail  at  rest, 
is  different  from  its  action  H|)on  a  sail  in  mo- 
tion :    for,  since  the  extremities  of  the  sails 
move  with  greater  rapidity  than  the  parts  near- 
er the  centre,  the  angle  of  weather  should  be* 
greater  towards  the  centre  than  at  the  extremi- 
ty, and  should  vary  with  the  velocity  of  each 
jjai't  of  the  sail.     The  reason  of  this  is  very 

*  See  Wolfii  Opera  Mathematica,  torn.  1,  p.  C80,  where  this  an- 
gle is  rccummc tided. 
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bbvious.  It  has  been  demonstrated  by  Bossnt,* 
and,  after  him,  by  FabrCjt  and  has  been  suffici- 
ently established  by  experience,  that,  when  any 
fluid  acts  upon  a  plane  surface,  the  fqrce  of  im- 
pulsion is  always  exerted  most  advantageously 
when  the  impelled  surface  is  in  a  state  of  rest, 
and  that  this  force  diminishes  as  the  velocity 
of  the  surface  increal^cs.  Novv,  let  us  suppose, 
with  Parent,  that  the  most  disadvantageous  an- 
;lc  of  weather  for  the  sails  of  wind-mills  is  35^ 
legrees  for  that  part  of  the  sail  which  is  near- 
est the  centre  of  rotation,  and  that  the  sail  has 
every  where  this  angle  of  weather;  then,  since 
ihe  extremity  of  the  sail  moves  with  the  great- 
est velocity,  it  will,  in  a  manner,  withdraw  it- 
self from  the  action  of  the  wind  ;  or,  to  speak 
more  properly,  it  will  not  receive  the  impulse 
of  the  wind  so  advantageously  as  those  parts 
of  the  sail  wliich  have  a  less  desrree  of  veloci- 
ty.  In  order,  therefore,  to  make  up  for  this 
diminntion  of  force,  we  must  make  the  wind 
act  more  perpendicularly  upon  the  sail,  by  di- 
minishing its  obliquity:  that  is,  we  must  in- 
crease its  inclination  to  the  axis  or  direction  of 
the  wind ;  or,  what  is  the  same  thing,  we  must 
diminish  its  angle  of  weather.  But,  since  the 
velocity  of  every  part  of  the  sail  is  proportion- 
al  to  its  distance  from  the  centre  of  motion,  ev- 
ery elementary  portion  of  it  must  have  a  differ- 
ent angle  of  weather  diminishing  from  the  cen- 
tre to  the  extremity  of  the  sail.  The  law  or  rate 
of  diminntion,  however,  is  still  to  be  discover- 
ed, and  we  are  fortunately  in  possession  of  a 
theorem  of  M^Laurins,  which  determines  this 
law  of  variation.     Let  a  represent  the  velocity 

*  Trailc  d'Hyclroclynamiriuc,  §  773. 

j  Sui-  les  Machine's  Ilydiuuliqucs,  p.  1,  §  94,  9J. 
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Plate      pf  the  %vind,  and  c  the  velocity  of  any  mea 
^"''       part  of  the  sail,  then  the  eftbrt  of  the  wind  up- 
on that  part  of  the  sail  will  b^  greatest  when 
the  tangent  of  the  angle  of  the  wind*s  incidence^ 
or  of  the  sail's  inclination  to  the  axis,  is  to  ra- 

9cc     3c 
dius,  as  V  (2h )-\ — to  1. 

In  order  to  appply  this  theorem,  let  us  sup- 
Fig- 1.  pose  that  the  radius  or  whip  ms  (Fig.  1.)  of  the 
sail  AfiSly  is  divided  into  6  equal  parts,  that  the 
point  n  is  equidistant  from  m  and  9,  and  is  the 
point  of  the  sail  M'bich  has  the  same  velocity  as 
the  wind ;  then,  in  the  preceding  theorem,  we  , 
will  have  e=a,  when  the  sail  is  loaded  to  a  max- 
imum ;  and,  therefore,  the  tangent  of  the  angley 
which  the  surface  of  the  sail  at  n  makes  with  the 

9       3 
axis,  when  a=l,  will  be  v  (® +-) =  3.561a 

tangent  of  74°  19',  which  gives  15°  41'  for  the 
angle  of  weather  at  the  point  n.  Since,  at  \  of 
the  radius  CzziUj  and  since  c  is  proportional  to 
the  distance  of  the  corresponding  part  of  the 
sail  from  the  centre^  we  will  have,  at  ^  of  the 

a  Sa 

radius  sm,  c=-;  at  f  of  the  radius,  c= — ;  at  Jy 

3  3 

c= — ;  at  1^,  c= — ;  and,  at  the  extremity  of  the   - 

3  3 

»      ^^ 

radius,  cz=:&a.  By  substituting  these  different^ 
values  of  c,  instead  of  c  in  the  theorem,  and  by — 
making  a=:l,  the  following  table  will  be  ob--^ 
tained,  which  exhibits  the  angles  of  inAinatiiNK- 
and  weather  which  must  be  given  to  differenl^ 
parts  of  the  sails. 
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Partflof  tliera. 
diuB  from  the 
centre  of  mo- 
tion at  «. 

Velocity  of  the 
8ail  at  these 
distances— or 
values  of  c. 

Ang'Ie  made 
with   the  axis. 

Angle 
of  weatlici*. 

IK-K. 

Mm. 

!)♦•><■.     .Mill. 

1 
• 

a 

3 

63 

36 

26     34! 

• 

a 

3a 
3 

69 

54 

20      6 

iori 

a 

7i 

19 

15     41 

-^or| 

Aa 
3 

77 

SO 

13    40 

5 

Sa 

3 

70 

27 

10     33 

1 

2a 

81 

0 

9      0 

Having  thus  pointed  out  an  important  error 
in  Parentis  theory,  and  sliowu  Jiow  to  find  the 
law  of  variation  in  the  angle  of  weather,  we  have 
further  to  observe,  that,  in  order  to  simplify  the 
calculus,  Parent  supposed  the  velocity  of  the 
wind  to  be  infinite  when  compared  with  the  ve- 
locity of  the  sail,  and  that  its  impulsion  upon  the 
sail  was  in  the  compound  ratio  of  the  square  of 
its  velocity  and  the  square  of  tiie  sine  of  inci- 
dence. The  first  of  these  suppositions  is  evi- 
dently inaccurate,  as  shown  by  Daniel  Bernouil- 
11,  in  his  Hydrodynamique.  With  regard  to  the 
Ibrce  of  impulsion  on  the  st^ils,  the  propo.sitlon 
is  perfectly  true  in  tlieory,  and  has  been  demon- 
strated by  Pitot^  and  other  philosopliers  ;  but 
it  unquestionably  appears,  from  the  experiments 

S resented  to  the  French  Academy  in  1/63,  by 
f .  le  Chevalier  de  Borda,  and  from  those  made 
in  1776  by  M.  d'Alembert,  the  Marquis  Cou- 

*  Mcmoircs  de  I'Acadnmie,  1729,  p.  540. 
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dorcet^  and  tLe  Al)be  Bossut,^  tliat  this  propo* 
sition  does  not  hold  in  practice.  The  first  part 
of  the  proposition,  indeed,  that  the  force  of  im- 
pulsion is  proportional  to  the  square  of  tlie  ve- 
locity of  the  surface  impelled,  is  true  in  prac- 
tice; but-v/hcn  the  angles  of  incidence  are  srnall^ 
the  latter  part  of  the  proposition  must  be  aban- 
doned, as  it  would  afford  very  false  results. — 
In  cases,  however,  wliere  tlie  angles  of  incidence 
are  between  50  and  90  degrees,  we  may  regard 
the  impulsion  as  proportional  to  the  square  of 
the  velocity  multiplied  by  the  square  of  the 
sine  of  incidence;  but  we  must  remember,  that 
the  force  thus  determined  by  the  theory  will  be 
a  little  less  than  that  v»iiich  would  be  found  by 
experiment,  find  that  this  dilTereuce  iucreases, 
as  the  angle  of  incidence  recedes  from  90  de- 
grees. . 
,  Such  being  the  circumstances  which  Parent 

lias  overlooked  in  his  iuvesligations,  wc  need 
not  be  surprised  to  find,  from  the  experiments 
of  Smeaton,  that,  w  hen  the  angle  which  he  re- 
commends was  adopted,  the  sails  produced  a 
smaller  cffcpt  than  when  they  were  weathered 
in  the  common  manner,  or,  according  to  tliQ 
Dutch  construction. t 

The  theory  of  wind-mills  has  been  treated 
at  great  length  by  M.  Euler,  the  most  profound 
and  celcliraied  mathematician  of  his  time.  He 
has  shown,  that  the  angle  assigned  by  Parent 

*  Nm«:v;  lies  Experiences  sur  !a  resistance  (Icr:  fluicU's,  par  ]\f . 
."M-  d'Aletr.bcTt,  Ic  Murquis  do  Condorcct,  ct  I'Alibe  Mossut. 
Cliap.  V.  §  .J5. 

f  Mor.s.  Uelid'/r  has  fuUcn  into  the  5:1  mc  error  a.^  T'arcnl,  and 
obdcrves,  lUal  t!.e  workmen  at  Paris  m-ike  the  an^lc  of  weather 
16  decrees,  and  tlurcM)y  Ifjsc  J-7lhs  of  the  cflTcct;  whereas,  this  is 
nearly  the  most  etii^acious  an^le  that  can  he  adopted.  See  Ar- 
v!i;tjcture  njdraiilirueparnclidor     Tcm.  ii.  1}.  J,  pp.  :  "— 41. 
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)o  small  for  a  sail  in  motion^  and  that  the 
le  of  weather  should  vary  with  the  velocity 
lie  different  parts  of  the  sails  :  but  like  Pa- 
f  he  has  supposed  that  the  force  of  impul* 

upon  surfaces^  with  different  obliquities, 
roportioual  to  the  square  of  the  sines  of 
r  inclination.  As  the  angles  of  incidence, 
ever^  are  sufficiently  great,  this  circum- 
cc  will  have  but  a  trifling  effect  upon  his 
dusions.  After  Euler  has  shown  in  gene- 
how  to  determine  the  force  of  impulsion 
I  the  sails,  whatever  be  their  figure  and 
osition,  and  whatever  be  the  celerity  of 
•  motion  ;  he  then  investigates  by  the  me- 

de  maximis  et  ininimis,  what  should  be 
nclination  of  the  sails  to  the  axis,  and  the 
city  of  their  extremities,  in  order  to  produce 
iximum  effect ;  and  he  finds,  that  this  in- 
ition  and  velocity  are  variable,  and  are  in- 
aly  proportional  to  the  momentum  of  fric^ 
in  tlie  macliiue.  That  the  reader  may  ful- 
nderstand  this  important  result,  mc  may 
irk,  that,  in  theory,  the  greatest  effect  Mill 
ii*oduced  when  the  velocity  of  the  sails  is 
itely  great,  and  when  their  surfaces  are 
endicuhir  to  the  wind's  direction ;  that  is, 
1  the  angle  of  weather  is  nothing.  But 
these  suppositions  are  excluded  in  prac- 
;  for,  though  the  sails  receive  the  greatest 
ible  impetus  from  the  wind,  when  they  are 
ned  90  degrees  to  the  Rxis,  yet  this  force 
not  the  smallest  tendency  to  put  them  in 
Dn ;  and  it  U  not  diificult  to  perceive,  that 
riction  of  the  machine,  and  the  resistance  of 
ir  to  the  thickness  of  the  sails,  must  alway» 

the  velocitv  of  their  motion.     In  this  case, 
ly  docs  not  accord  with  practice ;  but  they 
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maybe  easily  reconciled  by  making  the  angle  of 
inclination  89  degrees  instead  ofQO^  and  suppo« 
sing  the  sails  to  jierform  a  finite^  but  a  very  great 
luimbcr  of  revolutions  in  a  second,  a  hundred 
for  example.  Then  the  sails,  having  still  a  very 
disdvantageous  position,  will  receive  but  a  small 
impetus  from  the  wind,  which  may  !)e  called  one 
pound.  But  this  defect  in  the  impelling  power  is 
made  up  by  the  great  velocity  of  the  sails ;  and 
t;ince  the  effect  is  always  equal  to  the  product  of 
Ihe  weight  and  the  velocity,  we  will  have  1x100 
=100  for  the  effect  of  the  machine.  Now^,  let  us 
take  friction  into  the  account,  and  suppose  it  to 
be  so  great  as  to  diminish  the  rapidity  of  the 
$«ails,  from  100  to  50  turns  in  a  second ;  then,  in 
order  that  the  machine  may  produce  an  effect 
equal  to  100,  as  formerly,  we  must  change  the 
angle  of  the  sail's  inclination,  titt^  it  receives 
from  the  wind  an  impetus  equal  to  2  pounds;  for 
Sx50=100.  If  the  friction  be  still  further  in- 
creased, the  celerity  of  the  macliine  will  expe- 
rience a  proportional  diminution,  and  the  angle 
of  inclination  must  undersio  such  a  chanire,  that 
the  force  of  impulsion  received  from  the  wind 
may  make  up  for  the  velocity  that  is  lost  by  an 
increase  of  friction.  From  these  observations  it 
plainly  appears,  that  the  celerity  of  the  sails, 
and  their  inclination  to  tlie  axis,  depend  upon, 
the  momentum  of  friction,  and  as  this  is  gene- 
rally a  constant  quantity  in  machines,  and  caim. 
easily  be  determined  experimentally,  the  posi- 
tion of  the  ^ails,  the  velocity  of  their  motion  ^ 
and  tlie  ellect  of  tlie  machine,  may  be  found 
from  the  following  table,  which  is  calculatecl 
from  the  formula*  of  Euler,  and  adapted  to  dif- 
ferent degrees  of  friction. 


In  this  table  F  denotes  the  force  of  the  wind 
upon  all  the  sails ;  d  is  the  radius  of  the  sail^ 
or  the  distance  of  its  extremity  from  the  centre 
of  the  axis  or  windshaft ;  v  is  the  velocity  of 
the  wind ;  and  s  the  velocity  of  tlic  saiFs  ex- 
trcmity^  which  is  equal  to  the  numbers  con- 
f aiued  in  the  fourth  column. 
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The  preceding  table  lias  been  applied  by  En- 
ler  solely  to  that  species  of  wind-mills  in  Avhich 
the  sails  are  sectors  of  an  ellipse,,  and  which 
intercept  the  whole  cylinder  of  wind.  This* 
construction  was  recommended  also  by  Parent ; 
bnt  later  and  more  accurate  experiments*  have> 
evinced,  that,  when  the  whole  area  is  filled  up 
with  sail,  tlie  wind,  from  tlie  want  of  proper  in 
terstices  to  escape,  does  not  produce  its  great- 
est effect.  On  this  account  a  small  number  of 
sails  are  sjenerally  used,  and  tliese  arc  either 
rectanirular,  or  a  little  enlarsied  at  their  extre- 
mitics.  It  will  i)e  proper,  thereioie,  to  show 
how  the  table  can  be  applied  to  this  desciip- 
tioii  of  sails,  for  the  application  is  Qiuch  more 
difficult  than  in  the  other  ca?se. 

It  is  evident,  from  the  first  column  of  the  ta- 
ble,  that  btlbre  we  can  use  it,  we  must  find  the 
value  of  !<',  or  the  force  of  the  wind  upon  all  the 
sails.  But  as  this  force  depends  not  merely  upon 
the  cjuantity  of  surface,  and  the  velocity  of  the 
wind,  which  are  always  given,  Ijut  also  upon  th« 
angle  of  their  inclination,  vrhich  is  unknown^  , 

some  method  of  determining  it,  indep'^ndently 
of  this  angle,  must  be  ado[ytcd.  Kuler  hiis 
shown  how  to  do  this,  in  the  case  where  the 
whole  area  is  filled  v/ith  elliptical  sectors;  but 
there  is  no  direct  method  of  determining  the 
value  of  F  in  the  case  of  rectangular  sails, 
when  the  angle  of  inclination  is  unknown.  We 
must  find  iti  thereforcj  by  approximation,  that  i??, 
we  musi  take  any  ]>robable  angle  of  inclination, 
70  degrees,  for  example,  and  tind  the  value  of /»' 
suited  lo  this  ana:lc.  and  tiience  the  coefficient  of 
¥d  in  I  he  lirsl  column.  With  this  coefficient 
enter  the  t;ible,  and  take  out  the  correspondinir; 
ancle  of  inclination,  which  will  be  cither  less  or. 
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greater  tJian  70-  With  this  new  angle  of  in- 
clination^  find  a  more  accurate  value  of  Jh\  and 
consequently  a  new  coefficient  of  Fd.     If  tliis 

coefficient  does  not  difler  verv  mucli  from  that 

ft- 

formerly  found,  it  may  be  regarded  as  true, 
and  employed  for  taking  out  of  the  table  a 
more  accurate  angle  of  inclination,  along  with 
the  velocity  of  the  sails,  and  the  effect  of  the 
machine.  We  shall  now  illustrate  both  these 
methods  by  an  example,  after  having  shown 
how  to  determine  by  experiment  the  momentum 
of  friction,  and  the  velocity  of  the  wind. 

To  find  the  momentum  of  friction. 

In  a  calm  day,  when  the  wind-mill  is  unload'* 
cd,  or  performing  no  work,  bring  two  opposite 
sails  into  a  horizontal  position ;  and,  having  at- 
tached different  weights  to  the  extremities  of 
their  radii,  find  how  many  pounds  are  sufficient, 
not  only  for  impressing  the  smallest  motion  on 
the  sails,  but  for  continuing  them  in  that  state  j 
and  the  number  of  pounds  multiplied  into  the 
lengtli  of  the  radius,  will  be  thu  momentum  of 
friction.  When  this  experiment  is  made,  it 
will  always  be  found  that  a  greater  weight  is 
necessary  for  moving  the  sails  tlian  for  conti- 
nning  them  in  motion ;  and,  in  order  that  the 
(piantity  of  friction  may  l)e  accurately  estimat- 
ed, the  wind-mill  should  be  put  in  motion  im- 
mediately before  tlie  experiment  is  made,  for 
the  friction  always  increases  with  the  time  in 

whicli  the  communicating  parts  have  remained 

in  contact. 
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To  find  the  velocity  of  the  wind. 

Various  instruments^  denominated  anemome- 
icrs,  or  anemoscopes^  have  been  invented  for 
measuring  the  force  and  velocity  of  the  wind, 
the  best  of  which  are  those  which  were  con- 
structed by  Mr.  Pickering^  and  Dr.  Lind.f— 
The  velocity  of  the  w  ind  has  been  deduced  al- 
so from  the  motion  of  the  clouds,  and  the 
change  effected  by  the  wind  upon  the  motion 
of  sound,  j:  The  second  of  these  methods  is 
manifestly  inaccurate,  and  the  first  takes  for 
gi*anted  what  is  palpably  erroneous,  that  the 
velocity  of  the  wind  is  the  same  in  the  higher 
regions  of  the  atmosphere,  as  at  the  surface  of 
the  earth.  The  ingenious  Professor  Leslie 
Laving  found,  in  the  course  of  his  experiments 
on  heat,  that  the  refrigerant,  or  cooling  power 
of  a  current  of  air,  is  exactly  proportional  to 
its  velocity,  derives  from  tliis  principle  the 
construction  of  a  new  and  simple  anemometer. 
^  It  is,  in  reality,  nothing  more,'  says  he,  •  than 
'  a  thermometer,  only  with  its  bulb  larger  tlian 
^  usual.  Holding  it  in  the  open  still  air,  the 
^  temperature  is  marked :  it  is  then  warmed  by 
<  the  application  of  the  hand,  and  the  time  is 
*  noted  which  it  takes  to  sink  back  to  the  mid- 
^  die  point,  Tliis  I  shall  term  the  fundament- 
^  al  measure  of  cooling.  The  same  obscrva- 
^  tion  is  made  on  exposing  the  bulb  to  the  im- 

•  Philosophical  Transactions,  No.  473. 

j-  Id.  vol.  Ixv.  p.  353. 

i  Brisson,  Traite  tie  Phyn'qrie,  vol.  ii.  p.  150,  $  1015.  Tor  Xhn 
description  of  another  Anemometer,  sec  Wolfii  Opera.  Math,  torn 
1.  p.  /rJ. 
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<  pression  of  the  wind,  and  I  shall  call  the  time 
^  rec|uired  for  the  bihoction  of  tlie  interval  of 
^  temperatures,  the  occasional  measiiire  of  cool- 
^  inj:;.  Afier  these  prelinunaries.  we  have  the 
^  following  easy  rule  : — Divide  the  fundament' 

*  (tl  Ifjf  llip  occufyioiial  mcasnve  of  roolin,::j^^  and 
^  ihc  r.vccss  of  the  quniient  ahovp  luntt/.  being 
^  mnltiplifd  bj/  l.J,  irill  (wprcss  Ihe  veloriff/  of 
^  the  wind  in  wiles  per  hour.  The  bulh  of  the 
^  thermometer  oui;ht  to  be  more  than  half  an 
^  inch  in  diametir.  mid  may,  for  the  sake  of 
♦portability,  be  tilled  with  .•^Ikolnd,  tinged,  as 
^  usual,  Mith  arcijiL  To  simplify  the  observa- 
^  tion,  a  slidin:^  scale  of  equal  parts  may  be 
^  ap])lied  fo  the  tube.  AVhen  the  bulb  has  ac- 
^  quired  the  due  t(  mperature,  the  /er(»  of  the 
<•'  slide  is  set  opposi.e  to  the  limit  of  the  colour- 

*  ed  liquor  in  the  stem  ;  and,  after  having  been 

*  heated,  it  again  stands  at  20^  in  its  descent^ 
'  the  time  which  it  thence  takes  until  it  sinks 
*'  to  10°  is  measured  by  a  stop-watch.  Kxtem- 
*'  poraneous  calculation  may  l>e  avoided,   by 

*  having  a  table  engraved  upon  the  scale  for 
^  the  series  of  occasional  intervals  of  cooling/*' 

The  most  simple  method  of  determining  the 
velocity  of  the  wind,  is  that  which  Coulomb 
employed  in  his  experiments  on  wind-mills,  and 
M'hich  requires  neither  tlie  aid  of  instruments 
nor  the  trouble  of  calculation. f  Tv/o  persons 
v/erc  |dr.c  ed  on  a  small  elevatioij,  at  the  dis- 
*:mce  of  l;i()  iVet  from  one  another^  in  the  di- 
rectioji  ?>r  t!ie  wind,  and,  vvliilo  the  one  observ- 
ed, the  other  measured  the  time  with  a  small 
and  l].^ht  iVatlier  employed  in  niovin:::  tlirousrh 
this  space.  The  distance  between  the  two  per- 


*  Knquiry  into  the  Xatiirr  and  Vropaj^atlon  of  IJfat,  p.  V^-i. 
f  Sec  Mcmoircs  dc  rj^cadcmie  llyyaic,  1731,  |»  70. 
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60118^  flivided  by  the  number  of  seconds^  gave 
the  velocity  of  the  wind  per  second.  Having 
thus  shown  how  to  find  the  momentum  of  fric- 
tion, and  the  velocity  of  the  wind,  Ave  shall 
now  explain  the  use  of  the  tal)le. 

Supposing  the  radius  of  the  sails  to  be  20 
feet,  the  velocity  of  the  Avind  10  feet  per  se-  «  ' 
cond,  and  that  it  requires  a  force  of  10  pounds 
acting  at  tJie  extremity  of  the  radius  to  over- 
come the  friction  of  the  machine — it  is  required 
to  find  the  angle  of  weather,  the  velocity  of  the 
sails,  and  the  effect  of  the  machine. 

Let  rf,  the  radius  of  the  sails,  l)c=20  feet,  theil 
the  momentum  of  friction  will  be  10x20=200 
pounds.  Let  ?7,  the  number  of  sails,  be=12, 
while  a  represents  the  breadth  of  the  sails  at 
their  extremities,  and  b  the  breadth  into  which 
they  are  projected,  or  the  breadth  Avhich  they 
would  occupy  if  reduced  into  a  plane  perpen- 
dicular to  the  wind.  Then,  since  tlie  whole 
cylinder  of  wind  is  supposed  to  be  intercepted^ 
the  effect  produced  upon  all  the  oblique  sails, 
will  be  equal  to  the  effect  that  would  be  pro- 
duced  upon  a  perpendicular  surface,  equal  to 
the  whole  area  of  the  polygon  into  Avhich  the 
oblique  triangular  sails  are  projected.  The 
value  of  6,  thiM'cfore,  may  be  found  by  plane  . 
trigonometry,  the  length  of  tlie  sail,  and  the 
angle  of  the  polygon  being  given,  or  by  the 
following  tlieorem,  derived  from  trigonometry, 

ISO 

viz.  i=2fZxtang. ,  d  being  radius,  and  n  the 

n 
number  of  sails.    Li  the  present  case,  then,  we 

180 

i?vill  have  6=:3x20xtang. ,  or  6=40xtang. 

n 
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15%  =  lO.y  17968  feet.  Now,  since  the  Kft% 
of  any  triangle  is  eqnal  to  its  altitude  multiplied 
by  half  its  base,  tlie  area  of  a  polygon  will 
be  equal  to  the  altitude  of  one  of  the  triangles 
which  compose  it,  or  to  the  radius  of  the  in- 
.  ^  scribed  circle,  multiplied  by  half  the  number  of 
t  its  sides.  The  area  of  the  polygon,  therefore, 
into  which  the  sails  are  projected,  or  the  quan- 
tity of  perpendicular  surface  impelled  by  the 
wind, will  be  j  ndbn  and,  consequently,  tlie  force 
of  impulsion,  F^  upon  this  surface,  will  be  \ 
vdhin'f  Avhere  i*i?  is  the  square  of  the  wind's  ve- 
locity, to  which  the  force  of  impulsion  is  always 
proportional.  In  the  present  case,  then,  tha 
force  F\  which  impels  the  sails,  will  be  6x20 
X  I0.7l79fi8x  i''%*  and  if  rf  be  the  altitude  which 
is  due  to  the  velocity  of  tlie  Avind,  or  the  height 
throuj2:h  which  a  heavy  body  must  fall  in  order 
to  ac(|nire  that  velocity,  the  force  of  impulsion, 
jp',  will  be  equal  to  the  %veight  of  a  mass  of  air, 
whose  volume  is  i 286. 1,^6i6xt'i',  cubic  feet,  or 
to  1^  vv  cuhic  feet  of  water,  for  water  is  about 
800  times  more  dense  than  air,  thai  is,  to  100 
vv  pounds  avoirdupois,  62-i  of  which  are  equal 
to  a  cubic  foot  of  water.  But,  in  order  that  the 
machine  may  move,  the  momentum  of  friction, 
200  must  be  less  than  0.23  j702x  Fdy  or  0.23  j703 
xl00iTx20;  for,  when  it  is  exactly  this,  the 
wind  cannot  move  the  machine,  as  appears  from 
the  first  line  pf  the  table ;  or,  what  is  the  same 
thing,  the  height  due  to  the  velocity  of  tlie 
wiud,  viz.  rr,  must  be  greater  than  0.424  or  4 
of  a  loot,  which  corresponds  to  a  velocity  of 
f>.222,  or  r>^.  Unless,  therefore,  the  celerity  of 
the  wind  exceeds  ;i^  feet  per  second,  itAvill  not 
be  able  to  move  the  machine.  These  things 
being  premised,  let  us  now  proceed  to  deter- 
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inine  the  construction  and  effect  of  the  machine^ 
upon  the  supposition  that  the  momentum  of  fric- 
tion is  SOO  pounds^  and  the  velocity  of  the  Avind 
10  feet  per  second.  Now,  vVy  the  height  due 
to  this  velocity,  is  1|  feet;*  therefore,  the  force 
of  impulsion,  F^  is=100  vv  pounds,  or  lOOxy^ 
or=:l60  pounds  avoirdupois;  and  Fd=ziGOx 
S0=3200.  But  the  momentum  of  friction,  viz. 
Fdf  multiplied  into  its  coefficient,  should  be 
equal  SOO  pounds;  therefore,   the   coefficient 

200     SOO 
will  be  equal  to = =0.062500,  and  the 

Fd  3200 
momentum  of  friction  will  be  0.062500  JR?.— * 
With  this  number  enter  the  first  column  of  tlic 
table,  and  you  will  find  the  angle  of  inclination 
correspondnig  to  it  to  be  about  63° ;  the  velo- 
city of  the  sail's  extremity=:4  r,  or  6  feet  per 
second;  and  the  effect  of  the  machinc=:0.05  Fv 
=0.05xlC0lb.xl0=8lb.xl0  feet,  or  8  pounds 
raised  through  10  feet  in  a  second,  which  is 
equal  to  1000  pounds  raised  through  288  feet 
in  an  hour.  But  the  force  of  a  man,  according 
to  Euler,  is  equal  to  1000  pounds  raised  through 
180  feet  in  an  hour ;  therefore,  the  pdwer  of 
the  machine,  with  a  wind  moving  at  the  rate  of 
10  feet  per  second,  is  not  equal  to  the  power  of 
two  men.f 

•  The  lielg^ht  answering"  to  any  velocity,  and  the  velocity 
due  to  any  height,  nay  be  fbiiiid  by  the  Ibllowing"  lhcoreZD5), 
in  which   v  is   the  velocity,   and    h  the   height    due    to    it. 

2tT 

16.U37  X  h,  hence  /i= .    Sec  p.  172, 173. 

129 
f  Brrnouilla  niakci  tho  force  of  a  man  equal  to  1000  pounds 
raised  through  216  fee*  '.v.  an  hour — Jiecaiil  drfs  Prix,  Tom.  yiii. 
Oc'Jiorab  makes  it  equ  i  .o  1000  pounds  raised  tbrouj^h  192  feet 
in  «n  hour — Mem.  Ji>vd  U  .y  1781,/;.  74 ;  and  M.  Schulze  makes 
itlO'JO  poimds  nise  i  through  260  feet  in  an  XioyxX'-^hvudtl^h 
cad.  Berlin  ^7Q3,p-  ry33. 
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Let  us  now  suppose  that  the  wind-mill  U 
driven  by  means  of  4  rectangular  sails,  18  feet 
in  lonarllu  and  4^  in  breadths  and  that  tlie  mo* 
mcntum  of  friction,  and  the  radius  of  the  sails, 
are  the  same  as  before.  Then  the  area  of  each 
sail  will  be  ISx-l^j  aud  the  wliole  surface  that 
is  acted  upon  by  the  wind  will  be  18x4x4= 
288  s(|uare  feet.  But  before  we  can  determine 
the  force  whicli  the  wind  exerts  upon  this  sur- 
face, Ave  must  know  its  inclination  to  the  wind; 
let  us  supi)ose  this  to  be  7^^  dej;rces,  and  the 
impetus  of  the  Mind  upon  the  sails,  or  i*\  will 
be=2S8x  (Sin.  70)  ^xcr,  in  which  v  is  the 
wind's  velocity,  or  jP^^.vi  vv  cubic  feet  of  air. 
If  vv  be  the  height  due  to  the  wind's  velocity, 
dividing  this  quantity  by  800,  we  will  have 

127 
F'= vv  cubic  feet  of  water,  aud  multiply iug 

400 
this  by  62^,  Ave  Avill  have  F=19.8  vv  pounds 
avoirdupois.  Noav,  let  the  velocity  of  the  Avind 
be  30  feet  per  second,  the  height  vv  due  to  this 
velocity  will  be  14  feet  nearly,  and,  consecpient- 
ly,  l'=19.8xl4,=27G  pounds  avoirdupois.  Fd 
will  therefore  be  =5540;  and,  since  the  Avholc 
momentum  of  friction  is  200,  the  coefficient  of 

200 

Fd  will  be= =0.036101,  and  the  momeu- 

5540 
turn  of  friction,  expressed  as  the  table  requires, 
will  be=0.03fil()l  Fd.  Having  entered  the 
table  with  this  number,  the  proper  angle  of  in- 
clination will  be  found  to  be  fi7]  degrees.  With 
this  angle,  instead  of  70  degfees,  repeat  the 
fon'i;oing  calculation,  and  after  finding  a  ucav 
coellicient  to  Fd^  enter  the  table  Avith  it  a  se- 
cond time,  and  you  Avill  have  the  proper  angle 


1 
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of  inclination^  differing  hut  little  from  the  for- 
mer, and  likewise  the  velocity  of  the  sails,  and* 
the  effect  of  the  macliine.-'^ 

These  theoretical  deductions,  however  inter- 
esting they  may  he,  must  yield  in  point  of  prac- 
tical utility  to  tlie  ohscrvations  of  our  country- 
man,  Mr.  Smcaton.  From  a  variety  of  well- 
conducted  experiments,  he  found,  thai  the  com- 
mon practice  of  inclining  plane  sails,  from  ^SP 
to  7^"*  to  the  axis,  was  much  more  efficacious 
than  the  angle  assigned  hy  Parent,  the  effect 
beins;  as  4j  to  31.  When  the  sails  were  wea- 
thered  in  the  Dutch  manner,  that  is,  when  their 
surfaces  were  concave  to  the  wind,  and  when  the, 
angle  of  inclination  increased  towards  their  ex  - 
tremities,  they  produced  a  greater  effect  than 
when  they  were  weathered  either  in  the  com- 
mon way,  or  according  to  Maclaurin's  theo- 
rem, t  li'at  when  the  sails  were  enlarged  at 
their  extremities,  as  represented  at*^,  in  Plate 
XLII,  Fig.  1.  so  that  *  .2  was  one  third  of  the 
radius  insj  and  ^  m  to  m  ^,  as  ;i  to  3,  their  pow- 
er was  greatest  of  all,  though  the  surface  acted 
upon  hy  the  wind  remained  the  same.  If  the 
sails  he  farther  enlarged,  the  effect  is  not  in- 
creased in  proportion  to  the  surface ;  and,  he- 
sides,  when  the  (juantity  of  cloth  is  great,  the 
machine  is  much  exposed  to  injury  hy  sudden 
$»qualls  of  Avind.  In  these  experiments  of 
Smcaton,  the  angle  of  weather  varied  with  the 

•  Thr>so  wlio  wj:,h  to  inquire  furlhcr  into  the  theory  of  wind- 
^  TniUs,  will  tiiiil  siiiiic  cAccllcnt  observations  in  D'Alembert's 
*  'J'railt'  lie  I'oqiiililire  ct  du  m(»vement  des  fliiides,  1770, p.  j>96, 
\  $  3f>S  ;  '.r  in  his  ElmsculeSi  1  om.  5,  p.  148,  &c.  ajid  also  by  Jjnip- 
,"       btTl,  in  ilic  Monj  ilr  I'Acud.  Berlin,  1775,  p  •.^.^ 


f 

t 


"1  See  papji-  25.S 
VOT.  IT  X  n 


•ft 


% 


.^1% 


■r 


«l 


JVM^MtiBf, 


:  i 


-  i*>r 


l# 


nj&teBM  from  fhe  axis;  and  be  founds .  iihMi 
Heveral  trials^  that  the  numt  effieacioas  anglaf 
were  those  eentained  in  the  following  table. ..;. 
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16 
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83 

7 

*     "  '     ,  ?■» 

Supposing  the  ntdios  ms  of  the  sail  to  be  i^* 
feet,  then  the  sail  will  commence  at  i  mi,  SR^ 
0  feet  from  the  axis^  where  the  angle  of  inelit*'! 
nation  will  be  72^*    At  |  ms,  or  10  feet  frw^l 
fhe  a3d8>  the  angle  wUl  be  71%  and  so  on.      ,  * ' 
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On  the  effect  ofwind-ntill  sails ^ . 

The  following  Maxims^   deduced  by 
Bmeaton  from  his  experiments^  contain  the  boit 
^^-information  which  we  have  upon  this  subieo^ 
a  we  except  a  few  experiments  made  by  dmi^ 
Imb. 

-  Maxim  i. — ^The  velocity  of  wind-mill  8ail% 
whether  unloaded  or  loaded^  so  aa  to  prodiii69. 
A  maximum  effect,  is  nearly  as  the  veloeity  of 
the  wind;  their  shape  and  position  being  thv 
8ame«  « 
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Maxim  S. — The  load  at  the  maximum  i^ 
nearly  (but  somewhat  less  than)  as  the  square 
of  the  velocity  of  the  wijid^  the  shape  and  po- 
sition of  the  sails  being  the  same. 

Maxim  3. — The  cflects  of  the  same  sails  at 
a  maximum^  are  nearly  (but  somewhat  less 
than)  as  the  cubes  of  the  velocity  of  the  Avind.* 

Maxim  4. — The  load  of  the  same  sails  at  the 
maximum  is  nearly  as  the  squares^  and  their 
effect  as  the  cubes  of  their  number  of  turns  in 
a  given  time. 

Maxim  5. — When  sails  are  loaded^  so  as  ta 
produce  a  maximum  at  a  given  velocity,  and 
the  velocity  of  the  Avind  increases,  the  load 
continuing  the  same :  1st.  The  increase  of  ef- 
fect, when  the  increase  of  the  velocity  of  the 
wind  is  small,  Avill  be  nearly  as  the  squares  of 
those  velocities :  2dly.  When  the  velocity  of 
the  wind  is  double,  the  effects  will  be  nearly 
as  10  :  27,]  :  JBut,  3dly.  When  the  velocities 
compared  are  more  than  double  of  that  where 
the  given  load  produces  a  maximum,  the  effects 
increase  nearly  in  the  simple  ratio  of  the  velo- 
city of  the  wind. 

Maxim  6. — In  sails  w  here  the  figure  and 
positions  are  similar,  and  the  velocity  of  the 
wind  the  same,  the  number  of  turns  in  a  given 
time  will  be  reciprocally  as  the  radius  or  length 
of  the  sail. 

Maxim  7. — The  load,  at  a  maximum,  that 
sail^  of  a  similar  figure  and  position  will  over- 
come,  at  a  given  distance  from  the  centre  of 
motion,  will  be  as  the  cube  of  the  radius. 

•  TKis  maxim  was  confirmed  by  Euleri  I*ambert,  and  Cmdomb. 
who  makes  ihr  effect,  exactly  proportiuiul  to  tlic  cube  of  tlie  Te- 
locity. 
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.MaximS.  The  effects  of  sails  of  similar  figure 
and  position  are  as  the  squares  of  the  radius. 

Jlaxun  i).  The  velocity  of  the  extremities  of 
Dutch  sails,  as  well  as  of  the  eiilargcd  sails, 
in  all  their  usual  jiositions  w  lien  unloaded,  or 
eveu  loaded  to  a  maximum,  are  considerably 
c[uicker  than  the  velocity  of  the  wiud.* 

M.  Coulomb  made  a  number  of  experiments 
on  Avind-mills  thai  were  employed  to  raise  stam- 
pers for  the  purpose  of  bruising  seed.  Jle  found 
that  w  ind-mills  h;n  in::;  the  dimensions  formerly 
stated, t  produced  an  etlect  c(|uivalent  to  1000 
pounds  raii^ed  through  the  space  of  ;218  feet  in 
a  minute.  The  cjuaniity  of  force,  which  w^j^s 
lost  by  the  acticui  of  the  wipers  ujion  the  stam- 
pers, wa.s  equal  to  iOOO  pounds,  raised  through 
16^  feet  in  a  minute ;  and  the  fi  iction  was  equi- 
valent to  1000  pounds,  raised  throuj^h  181  feet 
in  a  minute.  The  total  (piantity  of  action,  there- 
fore, exerted  bv  the  wind  iu  LU)vin2;  tlie  ma- 
chine,  was  eijual  to  1000  pounds  elevat(»d  to 
the  heii;ht  of -2;13  feet  in  a  minule,  the  velocity 
of  the  wind  hein*:;  ^0  feel  per  s(»eond. 

It  appears,  too,  from  Conlonib's  e\j)eriment?, 
that  when  the  wind  moved  at  the  rate  of  l-i 
feet  per  second,  the  sails  uiade  cS  turns  in  a  mi- 
nute, when  the  velocity  of  the  wind  was  20  feet 
per  second,  the  sails  performed  1-3  (urns  in  a  mi- 
nute, and  when  its  velocitv  was  '^H  Wi^t  in  a  sc 
cond,  the  sails  madi.  J  7  tiauo  iu  a  minute.]:    By 

•  Mr.  Smcatrin  toiiiul,  when  <he  rudi'.is  v.m-  >■  f.-ot,  tl)al  l";rcv- 
rry  .>  turns  of  tfio  Dtiicli  sails  in  ♦ht-r  roninsj:.  j,os!tion  (wlivn 
llie  mv^\t  of  wt'utlur  ai  ili,-  cxtrcimt)  13  nr.-.i'i:..r  ,\  the  windmil 
iiiovL's  at  tlic*  rate  of  J  miles  an  Iso'ir  ;  lar  (.say  d  nirns  in  a  mi- 
iiiito  of  tlie  Diilcli  sails  in  tli'^i"  \n<\  p. ■;s.  :;>•>,  »!ic.  wiiul  moves  -J 
miles  an  iiour ;  and  for  every  f)  lurii-!  i-.  :i  :r.!n.i'c>  urthceiilarjj^Hl 
iails  in  their  Ixrsi  pjjsition,  the*  wind  will  move  5  miles  a>i  hour. 

i  Sec  page  2 J  I. 

4  >!cinoires  dc  L'Acadaipic  I'oyUc,  S;c  17S1,  p.  81. 
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iakin£;  the  medium  of  these  results,  it  Avill  bePi^w 

Vl  II 

founds  that  the  number  of  turns  made  l>y  the ' 
sails  in  a  minute^  is  to  the  number  of  feet  which 
the  wind  moves  in  a  second,  as  1  to  1.6.    Hence^ 
\(^hen  the  velocity  of  the  sails  is  given,  that  of 
the  wiud  may  be  easily  determined. 

On  horizontal  icind-mills. 

A  variety  of  opinions  have  been  enlerlained 
respectiug  the  relative  advantages  of  horizontal  • 
and  vertical  wind<mills.  3Ir.  Smeaton,  with 
great  justice,  gives  a  decided  preference  to  the 
latter;  butwiien  he  asserts  that  horizontal  wind- 
mills haves  only  i  or  ^^  of  ^1>^'  power  (»f  verticfil 
ones,  lie  certainly  forms  too  low  an  estimate  of 
their  power.  Mr.  Beatson,  on  the  contrary,  Avho 
has  received  a  patent  for  the  construction  of  a 
new  horizontal  wiud-milU  seems  to  be  preju- 
diced in  their  favour,  and  greatly  exaggerates 
their  comparative  value.  From  an  impartial 
investigation,  it  will  probably  appear,  that  the 
truth  lies  between  these  two  opposite  opinions ; 
but  before  entering  on  this  discussion,  we  must 
fu^t  consider  the  nature  and  form  of  horizontal 
wind-mills. 

In  Fig.  3.  CIl  is  the  perpendicular  axis  or  rij.  3- 
windshaft,  which  moves  upon  pivots.  Four 
cross  bars,  6V5,  CDn  IB,  FG\  are  fixed  to  this 
arbor,  which  carries  the  frames  dFIB.DEFG. 
The  sail3  •H^  EGy  are  stretched  upon  thesn 
frames,  and  are  carried  round  the  axis  C/r*  by 
the  perpendicular  impulse  of  the  w  ind.  Upon 
tlie  axis  CKy  a  toothed  wheel  is  fized,  Avhicli 
p;ives  motion  to  the  particular  machinery  that 
is  employed.  In  the  figure,  only  two  sails  are 
repre*iented ;  but  there  are  always  btlier  t^ij 
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'  placed  at  right  angles  to  these.  Now,  let  the 
Hails  be  exposed  to  the  wind,  and  it  will  be  ev- 
ident that  no  motion  will  ensue;  for  the  force  of 
the  wind  upon  the  sail  •3/,  is  counteracted  by 
an  equal  and  opposite  force  upon  tlie  sail  EG, 
In  order,  then,  that  the  wind  may  communicate 
motion  to  the  machine,  the  force  upon  the  re- 
turning sail  -E6r,  must  either  be  removed  by 
screening  it  from  the  wind,  or  diminished  by 
making  it  present  a  less  surface  when  retum- 

-  ing  against  the  wind.  The  first  of  these  me- 
thods is  adopted  in  Tartary,  and  in  some  pro- 
vinces of  Spain,  but  is  olrjccted  to  by  Mr.  Beat- 
son,  from  the  incouvenieuce  and  expense  of  the 
macliiuery  and  attendance  requisite  for  turning 
the  screens  into  their  proper  positions.  Not- 
withstanding this  objection,  however,  I  am  dis- 
posed to  think  that  this  is  the  jbest  method  of 
diminishing  the  action  of  the  wind  upon  tlie  re- 
turning sails^  for  the  moveable  screen  may  ea- 
sily be  made  to  foUoAV  the  direction  of  the  wind^ 
and  assume  its  proper  position,  by  means  of  a 
large  wooden  weatliercock,  Avitliout  the  aid  ei- 
ther of  men  or  machinery.  It  is  true,  indeed^ 
that  the  resistance  of  the  air  in  the  returning  sails 
is  not  completely  removed  ;  but  it  is  at  least  as 
much  diminished  as  it  can  be  by  any  method 
hitherto  proposed.  Besides,  when  this  plan  is 
resorted  to,  there  is  no  occasion  for  any  move- 
able flaps  and  hinges,  which  must  add  greatly 
to  the  expense  of  every  other  method, 

The  mode  of  bringing  the  sails  back  against 
the  wind,  which  Mr.  Beatson  invented,  is,  per- 
haps, the  simplest  and  best  of  the  kind.  Ho 
makes  each  sail  AI  to  consist  of  6  or  8  flaps 
or  vanes,  dFh  1,  6  1,  c2,  ice.  moving  upon 
hinges  represented  by  the  dark  lines  •iJP,  biy 
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c  %^  &c.  so  that  the  lower  side  h  1^  of  the  first  ^^•^'r* 
flap  overlaps  the  liinge  or  higher  side  of  the  ser  ^^"' 
eoud  flap^  and  so  on.  When  the  wind^  therefore^ 
acts  upon  the  sail  AIj  each  flap  will  press  upon 
the  hinge  of  the  one  immediately  below  it^  and 
the  whole  surface  of  tlie  sail  will  be  exposed  to 
its  action.  But  when  the  sail  AI  returns  against 
the  wind,  the  flaps  will  revolve  round  upon  their 
liinges,  and  present  only  their  edges  to  the  wind, 
as  is  represented  at  EG^  so  that  the  resistance 
occasioned  by  the  return  of  the  sail  must  be 
greatly  diminished,  and  the  motion  will  be  con- 
tinued by  the  great  superiority  of  force  exerted 
upon  the  sails  in  the  position  AL  In  comput- 
ing the  force  of  the  wind  upon  the  sail  AJ^  and 
the  resistance  opposed  to  it  by  the  edges  of  the 
flaps  in  KG,  Mr.  Beatson  finds,  that  when  the 
pressure  upon  the  former  is  187'^  pounds,  the 
resistance  opposed  by  the  latter  is  only  about 
36  pounds,  or  ■^\  part  of  the  whole  force ;  but 
he  neglects  tlie  action  of  the  wind  upon  the  arms 
Cfl,  &c.  and  the  frames  which  carry  the  sails^ 
because  they  expose  the  same  surface  in  the  po- 
sition Aly  as  in  the  position  EG.  This  omis- 
sion,  however,  has  a  tendency  to  mislead  us  iu 
the  present  case,  as  we  shall  now  see,  for  we 
ought  to  compare  the  whole  force  exerted  upon 
the  arms,  as  w  ell  as  the  sail,  with  the  whole 
resistance  which  these  arms  and  the  edges  of 
the  flaps  oppose  to  the  motion  of  the  wind-mill. 
By  inspecting  Fig.  3.  it  Avill  appear,  that  if  the 
force  upon  the  edges  of  the  flaps,  which  Mr. 
Beatson  supposed  to  be  12  in  number,  amounts 
to  36  pounds,  the  force  spent  upon  the  bars  CD^ 
DGy  GF,  EFj  &c.  cannot  be  less  than  60 
pounds.     Now,  since  these  bars  are  acted  up- 
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on  M'ith  an  equal  force,  ivlicn  the  sails  liavo 
the  position  Al,  187^+60=1933  will  be  the 
force  exerted  upon  the  sail  Al,  and  its  appen- 
dages, while  the  opposite  force  upon  the  bars 
and  eda;es  of  the  flaps  when  returning  against 
the  Avind  w  ill  be  36+00=96  pounds,  which  is 
nearly  ~.\  of  1933,  instead  of  j\-.  as  computed 
by  !^lr.  lieatson.  Hence,  we  may  see  the  ad- 
vantai^es  which  will  prol)ably  arise  from  using 
a  screiMi  for  the  returniuG;  sail  instead  of  move- 
able  flaps,  as  it  will  preserve  not  only  the  sails, 
but  the  arms  and  the  frame  which  support  it, 
from  the  action  of  the  wind.-' 

We  shall  now^  conclude  this  article  with  afew 
remarks  on  the  comparative  power  of  horizontal 
and  vertical  wind-mills.  ]  t  was  already  stated^ 
that  Mr.  Smeaton  rather  under-rated  the  form- 
er, while  he  maintained  that  they  have  only  | 
or  -fV  the  power  of  the  latter.  He  observes, 
that  when  the  vanes  of  a  horizontal  and  «a  ver- 
tical mill  are  of  the  same  dimensions,  the  pow- 
erof  the  latler  is  four  times  that  of  the  former, 
because,  in  the  flrstcase,  onlvone  sail  is  acted 
upon  at  once,  while,  in  the  second  case,  all  the 
4  receive  the  impulse  of  the  wind.  This,  liow- 
ever,  is  not  strictly  true,  since  the  vertical  .sails 
arc  all  oblique  to  the  direction  of  the  wind.  Let 
US  suppose  that  the  area  of  each  sail  is  100 
tsquare  feet ;  then  the  power  of  the  horizontal 
sail  may  be  called  100  x  (sine  70°)  *  (whicli  is 
the  common  angle  of  inclination)  =  88  nearly; 

*  The  sails  of  Iiori/.ontul  wlnJ-mills  arc  sometimes  fixed  llk'.». 
floatbonrds  on  thi'  circiimfLTciicc  of  a  lurpe  drum  or  c\  linJci . 
These  sails  move  upon  hinpfv?s  so  as  to  stand  al  right  an'p^les  tr. 
'he  drum,  when  they  arc  to  rcci'ive  tlie  impulse  of  the  wiiivL  : 
::nd  when  they  return  :r^a".nst  it,  ihey  fold  down  upon  its  c:rc;!T\i- 
.'•jrencc.  S'jc  honcrlwrv  of  Art?,  vol.' 0 
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fiut  since  there  arc  four  vertical  sails,  the  pow- 
er of  them  all  will  be  4x88=353 ;  so  that  the 
power  of  the  liorizontal  sail  is  to  that  of  tlie 
four  vertical  ones  as  1.  to  3.52,  and  not  as  1  to 
4",  according  to  Mr.  Smeaton.  But  Mr.  Smeaton 
also  observes,  that  if  we  consider  the  further 
disadvantage  which  arises  from  the  difficulty  of 
getting  the  sails  back  against  the  wind,  Ave  need 
not  wonder  if  horizontal  wind-mills  have  only 
about  I  or  -^^  of  the  common  sort.  We  have 
already  seen,  that  the  resistance  occasioned  by 
the  return  of  the  sails*  amounts  to  ^\^  of  the 
whole  force  which  they  receive ;  by  subtract- 
ing ^V,  therefore,  from  ^.J^,  we  will  find,  that 
the  power  of  liorizontal  wind-mills  is  only  ^^^l. 
or  little  more  tlian  i  less  tlian  that  of  vertical 
ones.  This  calculation  proceeds  upon  a  sup- 
position, that  the  whole  force  excrtcti  upon  vor- 
tical sails  is  employed  in  turning  them  round 
the  axis  of  motion ;  Avhereas,  a  considerable 
part  of  this  force  is  lost  in  pressing  the  pivot 
of  the  axis  or  windshaft  against  its  gudgeon. — 
Mr.  Smeaton  has  overlooked  this  circumstance, 
otherwise  he  could  never  have  maintained  that 
the  power  of  four  vertical  sails  was  quadruple 
the  power  of  one  horizontal  sail,  the  dimen- 
sions of  each  being  the  same.  Taking  this  cir- 
cumstance into  the  account,  we  cannot  be  far 
wrong  in  saying  that,  in  theory  at  least,  if  not 
in  practice,  the  power  of  a  horizontal  Avind- 
inill  ic  about  -J  or  ^  of  the  power  of  a  vertical 
one,  when  the  quantity  of  surface  and  the  form 
of  the  sails  is  the  same,  and  when  every  part 
of  the  horizontal  sails  have  the  same  distance 
from  the  axis  of  motion  as  the  corresponding 
parts  of  the  vertical  sails.  But  if  the  liorizon- 
VOL.  It.  o  o 
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MECHANICS, 


Oil  the  A^tfiira  of  Friction^  and  the  ^Method  of 
Diniiuh^hiui^  its  E^ffects  in  Machinery. 


^rilli  ir-^istanctt  wlileh  friction  i:;crieratc/5 
in  lliO'  comiiMuiiv'iiuus;  parts  of  machinery  is  su 
poAVcrJMl,  aiitl  tjie  couj?cfjiient  defalcation  from 
the  impel liiii:;  power  is  so  j^reat,  that  a  know- 
leilii^c  of  its  nature  and  efl'ects  must  be  of  the 
highest  impi>itaiice  to  the  philosopiicr  and  the 
practical  meciKuiic.  The  theory  of  machines 
must  co]itinue  imperfect  till  the  nature  and  ef- 
fects of  friction  are  thoroughly  developed,  and 
their  performance  must  he  comparatively  small, 
and  the  expense  of  their  erection  and  preserva- 
tion comparatively  great,  till  some  effectual  me- 
thod be  discovered  for  diminishin:;  that  retard- 
atiou  of  the  machine's  velocity,  and  that  decay 
of  its  materials  which  arise  from  the  attrition 
of  the  connecting  parts.  The  knowledge,  how- 
ever, which  has  been  acquired  concerning  thii^ 
abstruse  subject,  has  not  been  comiAensurate* 
witli  the  labours  of  philosophers,  and  the  pro- 
gress of  otiier  branches  of  mechanical  science; 
and  those  contrivances  which  iugenious  m^ii 
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liave  discovered  for  diminishing  the  I'esistancc 
of  friction,  have  either  been  overlooked  by 
practical  inquirers,  or  rejected  by  those  vulgar 
prejudices  which  prompt  the  mechanics  of  the 
present  day  to  persist  in  the  most  palpable  er- 
rors, and  neglect  such  maxims  of  construction 
as  are  authorized  both  by  theory  and  experi- 
ence.— ^It  may  be  proper,  therefore,  in  a  work 
like  this^  to  give  a  summary  view  of  the  opi- 
nions of  diflerent  philosophers  upon  the  natum 
of  friction,  and  tlie  means  which  may  be  adopt-i 
ed  for  diminisliing  its  eflccts. 

M.  Amoutons  was  the  first  philosopher  who 
favoured  us  with  any  thing  like  correct  infor* 
mation  upon  this  subject.  He  found  that  the 
resistance  opposed  to  the  motion  of  a  body  upon 
a  horizontal  surface,  was  exactly  proportional 
to  its  Weight,  and  was  equal  to  one  third  of  it^ 
or  more  generally  to  one-third  of  the  force  with 
wliich  it  was  pressed  against  the  surface  over 
which  it  moved.  He  discovered  also  that  this 
resistance  did  not  increase  witli  an  increase  of 
the  rubbing  superficies,  nor  with  tlie  velocity  of 
its  motion.* 

The  experiments  of  M.  Bulfinger  authorized 
conclusions  similar  to  those  of  Amontous,  with 
this  diflcrence  only,  that  the  resistance  of  fric- 
tion w  as  equal  only  to  one  fourth  of  the  force 
with  which  the  rubbing  surfaces  were  pressed 

together,  t 

This  subject  was  also  considered  by  Parent, 
who  supposed  that  friction  is  occasioned  by 

*  Mcmoires  dc  TAcadamie  Royale  dcs  Sciences  1699,  p.  206. 
Amontoirs  experiments  were  confirmed  by  llossut  and  Belidor 
Sec  Architect,  llydraulique,  v.  i,  chap.  2,  p.  70. 

i  Comroentai-ii  Pctropolitanae,  Tom.  ii,  p.  4(>. 
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small  splierical  eminences  in  one  surface  being 
cli-agged  out  of  corresponding  spherical  cavities 
in  the  other^  and  proposed  to  determine  its  quan- 
tity J^y  finding  the  force  which  would  move  a . 
sphere  standing  upon  three  equal  spheres.- 


This  force  was  found  to  be  to  the  weight  of  the 
sphere  as  7  to  20,  or  nearly  one  third  of  the 
sphere*s  weight.*  In  investigating  the  pheno- 
mena of  friction,  M.  Parent  placed  the  body 
upon  an  inclined  plane,  and  augmented  or  di« 
minishcd  the  angle  of  inclination  till  the  body 
had  a  tendency  to  move,  and  the  angle  at  which 
the  motion  commenced,  he  called  the  angle  of 
equilibrium.  The  weight  of  the  body,  therefore, 
will  be  to  its  friction  upon  the  inclined  plane 
as  radius  to  the  sine  of  the  angle  of  equilibria 
um,  and  its  weight  w  ill  be  to  the  friction  on  a 
horizontal  plane,  as  radius  to  the  tangent  of  the 

angle  of  equilibrium. f 

The  celebrated  Euler'seems  to  have  adopted 
the  hypothesis  of  Bulfinger  respecting  the  ratio 
of  friction  to  the  force  of  pressure ;  and  in  two 
curious  dissertations  which  he  has  published  up- 
on this  subject,  J  has  suggested  many  important 
observations,  to  which  Mr,  Vince  seems  after- 
wards to  have  attended.  He  observes,  thatwlicn 
a  body  is  in  motion,  the  effect  of  friction  will 
be  only  one  half  of  what  it  is  when  the  body 
has  begun  to  move ;  and  he  shows  that  if  the. 

•  Rccherches  de  Malhematiquc  ct  Physique  1*13,  torn,  ii,  p. 
462. 

f  Memolres  de  TAcadcmic  170\,  p.  174. 

%  The  first  is  entitled,  Sur  le  fi'ottement  tha  Corhn  soUiIes,  Mid 
the  other,  Sur  la  diminution  dc  lavcsislunce  dufrottctncntt  publi.ih- 
ed  in  t!\c  Memoires  dc  rAcaJcmie  Rovalc  de  iJcit'nctTS  a  Berlin-, 
urn.  1748,  p.  122,133.  '  J^ 
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angle  of  an  incliucd  plane  be  2;racliially  in- 
creased till  tlie  body  wliich  is  placed  upon  it 
begins  to  descend,  tlie  friction  of  the  body  at 
the  verv  commencement  of  its  motion  ^vill  be 
to  its  weight  or  pressure  upon  tlie  plane,  as  the 
sine  of  the  plane's  elevation  is  to  its  cosiue,  or 
us  the  tan2;ent  of  the  same  anirle  is  to  radius, 
or  as  the  height  of  tlie  plaue  is  to  its  length. — 
But  when  the  body  is  iu  motiou  the  friction  is 
diminished,  and  may  be  found  by  the  follow- 

m 

ing  equation  A<=Tan.  a in  which 

l.iG^j  nn  COS.  a. 
M  is  tlie  quantity  of  friction,  the  weight  or  pres- 
sure of  the  bodybeing=l,  a  is  the  angle  of  the 
planers  inclination,  m  is  the  lenglh  of  the  plane 
in  1000th  parts  of  a  rhinland  foot,  and  n  the 
time  of  the  body's  descent.  Kespecting  the 
cause  of  friction,  Euler  is  nearly  of  the  same 
opinion  with  Parent;  the  only  ditVerence  is,  that 
instead  of  regarding  the  eminences  and  cor- 
responding depressions  as  spherical,  he  sup- 
poses them  to  be  .angular,  and  imagines  the 
friction  to  arise  from  the  body's  ascendins;  a 
perpetual  succession  of  inclined  planes. 

Mr.  Ferguson  found  that  th.e  quantity  of  fric- 
tion was  always  proportional  to  the  weight  of 
the  rubbing  body,  and  not  to  the  quantity  of 
surface,  and  that  it  increased  with  an  increase 
of  velocity,  but  was  not   proportional  to  the 
augmentation  of  celerity.     He  found  also,  tliat 
the  friction  of  smooth  soft  wood,  moving  upon 
smooth  soft  wood,  was  equal  to  ?  of  the  weight; 
of  rough  wood    upon  rough  wood    ]-   of  tLe 
weight;  of  soft  wood  upon  hard,  or  hard  upon 
ioft,  A  of  the  weight ;  of  polished  steel  upon 
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polisliett  steel  or  pewter  i  of  the  weiglit ;  of 
polisliecl  steel  upon  copper  4,  and  of  polished 
steel  upon  brass  I  of  the  weight,* 

The  Ahbe  Nolletf  and  BossutJ  have  distin* 
guished  friction  into  two  kinds^  that  which  ari- 
ses from  one  surface  being  dragged  over  ano- 
ther, and  that  Avhich  is  occasioned  by  one  body- 
rolling  upon  another.  The  resistance  which  is 
generated  by  the  first  of  these  kinds  of  friction 
is  always  gi:cater  than  that  Avhich  is  produced 
by  the  second ;  and  it  appears  evidently  from 
the  experiments  of  Muschenbroek,  Schoeber, 
and  Meister,  tliat  when  a  body  is  carried  along 
with  a  uniformly  accelerated  motion^  and  re- 
tarded by  the  first  kind  of  friction,  the  spaces 
are  still  proportionjil  to  the  squares  of  the  times, 
but  when  tlie  motion  is  aftected  by  the  second 
kind  of  friction,  this  proportionality  between 
the  spaces  and  the  times  of  their  description 
does  not  obtain. 

The  subject  of  friction  has  more  lately  occu- 
pied the  attention  of  tlie  ingenious  Mr.  Vince, 
of  Cambridge.  He  found  that  the  friction  of 
hard  bodies  in  motion  is  a  uniformly  retard- 
ing force,  and  that  the  quantity  of  friction  con- 
fiidered  as  equivalent  to  a  weight  drawing  the 

body  backwards  is  equal  to  M • 

rt   « 
where  M  is  the  moving  force  expressed  by  itg 
weight,  W  the  weight  of  tlie  body  upon  the 
horizontal  plane,  S  the  space  through  which 
the  moving  force  or  Aveight  descended  in  the 

•  Tables  and  Tracts,  edit.  2d,  p.  258  9. 

f  NoUet,  LeQons  de  Physique,  torn,  iii,  p  231,  ed.  IJTQ, 

^  Bossut  Traits  Elementairt  de  Mecani^ue,  $  306-^ 
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time  t  and  r=l6.087  feet,  the  force  of  gravity, 
Mr.  Vince  also  found  tliat  the  quantity  of  fric- 
tion increases  in  a  less  ratio  than  the  quantity 
of  matter  or  weight  of  the  body^  and  that  the 
friction  of  a  body  does  not  continue  the  same 
when  it  has  different  surfaces  applied  to  the 
plane  on  Avhich  it  moves,  but  that  the  smallest 
surfaces  will  have  the  least  friction.* 

NotAvithstanding  tliesc  various  attempts  to 
unfold  the  nature  and  efTccts  of  friction,  it  was 
reserved  for  the  celebrated  Coulomb  to  sur- 
mount the  diificulties  which  are  inseparable  from 
such  an  investigation,  and  to  give  an  accurate 
and  satisfactory  view  of  this  complicated  part 
of  mechanical  philosophy.  By  employing  large 
bodies  and  ponderous  weiglits,  and  conducting 
his  experiments  on  a  large  scale,  he  has  cor- 
rected several  eiToi's  which  necessarily  arose 
from  the  limited  experiments  of  preceding  wri- 
ters ;  he  has  brought  to  light  many  new  and 
striking  phenomena,  and  conlirmed  others  which 
were  hitherto  but  partially  established.  As  it 
would  be  foreign  to  the  nature  of  this  work  to 
follow  Monsieur  Coulomb  tluough  his  numer- 
ous and  various  experiments,  we  shall  only 
pi*esent  the  reader  with  the  ncAV  and  interest- 
ing results  which  they  authorize. f 

1.  The  friction  of  homogeneous  bodjes,  or 
bodies  of  the  same  kind  moving  upon  one  an- 
t)tlier,  is  generally  'supposed  to  be  greater  than 

•  Philosophical  Transactions,  r,  Ixxv,  p.  16". 

f  A  full  account  of  Coulomb's  cxpenmcnt  may  be  seen  in  the 
Journal  il"  Plnrnque  fpr  Sept^'mber  and  October  irSo,  vol.  xxvii, 
pp.  2v>6  &,  282,  fcic.  Au  excellent  summary  of  them  may  also  be 
found  in  Van  Swindcn's  I'ositioncs  Thysico.  They  were  originaDy 
published  in  tlic  Mcmoirc:k  dc  Mathematiquc  et' Physique. 
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that  of  heterogeneous  bodies  ;^  but  Coulomb 
has  shewn  that  there  are  exceptions  to  this 
rule.  He  found,  for  example^  that  the  friction 
of  oak  upon  oak  was  equal  to  ^.^t  ^f  th^  force 
of  pression ;  the  friction  of  pine  against  pine 
was  -j-.^,  and  of  oak  against  pine  j]j.  The 
friction  of  oak  against  copper  was  jlj^  and  that 
of  oak  against  iron  nearly  the  same. 

2.  It  was  generally  supposed,  that  in  the  case 
of  wood,  the  friction  is  greatest  when  the  bodies 
are  dragged  contrary  to  the  course  of  their  fl- 
bves;t  but  Coulomb  has  shown  that  the  frictiou 
is  in  this  case  sometimes  the  smallest.  Wheu 
the  bodies  moved  in  the  direction  of  their  fibres 
the  friction  was  ^^^  of  the  force  with  which 
they  were  pressed  together ;  but  when  the  mo- 
tion was  contrar}*^  to  the  course  of  the  fibres^ 
the  friction  was  only  ^l^. 

3.  The  longer  the  rubbing  surfaces  remain 
in  contact,  the  greater  is  their  friction.  J — When 
wood  was  moved  upon  wood,  according  to  the 
direction  of  the  fibres,  the  friction  was  increasr 
ed  by  keeping  the  surfaces  in  contact  for  a  few 
seconds ;  and  when  the  time  was  prolonged  to 
a  minute,  the  friction  seemed  to  have  reached 
its  farthest  limit.  But  when  the  motion  was 
performed  contrary  to  the  course  of  the  fibres, 
a  greater  time  was  necessary  before  the  friction 
arrived  at  its  maximum.  When  wood  was  mov- 
ed upon  metal,  the  friction  did  not  attain  it9 

*  This  was  the  opinion  of  Muschenbroek,  Kraflfl^  Camu9>  and 

Bjssut. 

I  Muschcnbroek,  Tntroductio  ad  Philoaoph.  Nat.  $  513,  Be.  * 

i  This  is  mentioned  by  Bossut,  Traile  de  Mecaniqiie,  $  31Q, 
but  Coulomb  has  the  merit  of  having  established  tlie  fact. 

VOL.  II.  P  P 
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maximum  till  the  surfaces  continued  in  contact 
for  5  or  6  days ;  and  it  is  very  remarkable, 
that,  when  wooden  surfaces  were  anointed  with 
talloAv,  the  time  requisite  for  producing  the 
greatest  quantity  of  friction  is  increased.  The 
increase  of  friction  which  is  generated  by  pro- 
longing the  time  of  contact  is  so  great,  that  a 
body  weighing  1650  pound  was  moved  with  a 
force  of  64  pounds  when  first  laid  upon  its  cor- 
responding surface.  After  having  remained 
in  contact  for  the  space  of  3  seconds,  it  requir- 
ed 160  pounds  to  put  it  in  motion,  and  when 
the  time  was  prolonged  to  6  days,  it  could 
scarcely  be  moved  with  a  force  of  633  pounds^. 
When  the  surfaces  of  metallic  bodies  were 
moved  upon  one  another,  the  time  of  producing 
a  maximum  of  friction  was  not  changed  by  the 
interposition  of  olive  oil ;  it  was  increased, 
hoAvevcr,  by  employing  swine's  grease  as  an 
unguent,  and  was  prolonged  to  d  or  6  days  by 
smearing  the  surfaces  with  tallow. 

4.  Friction  is  in  general  proportional  to  the 
force  with  which  the  rubbing  surfaces  are  press- 
ed together;  and  is,  for  the  most  part,  equal  to 
between  -^  and  i  of  that  force. — In  order  to 
prove  the  first  part  of  this  proposition.  Coulomb 
employed  a  large  piece  of  wood,  whose  surface 
contained  3  square  feet,  and  loaded  it  succes- 
sively with  74  pounds,  874  pounds,  and  S474 
pounds.  In  these  cases  the  friction  was  sue- 
cessively  ^^i^,  ^.4^,  ^^^,  of  the  force  of  pres- 


experiments,  even  when  metallic  surfaces  w  ere 
employed.   The  second  part  of  the  proposition 
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has  also  been  established  by  Coulomb.  He 
found  that  the  greatest  friction  takes  place 
tivhen  oak  moves  upon  pine,  and  that  it  amounts 
to  •j-.ff  ^f  ^^^  force  of  pression ;  on  the  contra- 
ry, when  iron  moves  upon  brass,  the  least  fric- 
tion is  produced,  and  it  amounts  to  ^  of  the 
force  of  pression. 

5.  Friction  is  in  general  not  increased  by 
augmenting  the  rubbing  surfaces.* — When  a 
fiupei'ficies  of  3  feet  square  was*^  employed,  the  • 
friction,  with  different  weigh<8,  was  ^.4^  at  a 
medium ;  but  when  a  smaller  sui*face  was  used, 
the  friction,  instead  of  being  greater,  as  might 
have  been  expected,  was  only  ^.^^. 

6.  Friction  far  the  most  part  is  not  augment. 
ed  by  an  increase  of  velocity.  In  some  cases, 
indeed,  it  is  diminished.f — M.  Coulomb  found, 
that  when  wood  moved  upon  wood  in  the  direc- 
tion of  tiie  fibres,  the  friction  was  a  constant 
quantity,  however  much  the  velocity  was  va- 
ried; but  that  when  the  surfaces  were  very 

*  Muschenbrock  and  NoUet  entertained  the  opposite  opinion. 
The  experiments  of  Krafit  coincide  with  those  of  Coulomb.,  See 
Commentarti  Petropolitanx,  tom^xii,  p.  266,$  19,  20,  &c. 

f  The  latter  part  of  tliis  proposition  is  confirmed  by  a  circum- 
stance which  occurred  ki  the  course  of  M*  Lambert's  experi- 
ments on  undershot  mills,  but  which  he  imputes  to  a  very  differ- 
ent cause.  He  found  that  the  resistance  which  is  generated  by 
the  friction  of  the  communicating^  parts  of  acom-miil,  eombine^ 
wiUi  that  which  arises  from  the  ^ain  between  the  millstones* 
idwiys  diminished  when  the  velocity  was  increased.  M.  Lambert 
<Ud  not  hesitate  to  assert,  that  the  part  of  this  compound  rcsis- 
umce  which  was  produced  by  the  friction  of  the  machinei^  con- 
tinued invariably  the  same,  and  ascribed,  without  any  reason, 
the  diminution  which  accompanied  an  increase  of  velocity  to  a 
diminution  of  the  grain's  resistance  between  the  millstones; 
whereas  it  was  probably  a  diminution  of  the  friction  of  the  con« 
nccUng  parts  occasioned  by  the  augmentation  of  their  velocity. 
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small  iu  respect  to  the  force  with  which  they 
were  pressed,  the  friction  iras  diminished  hy 
augmenting  the  rapidity :  the  friction,  on  the 
contrary,  was  increased  when  the  surfaces  were 
very  large  when  compared  with  ihQ  force  of 
pression.  When  the  Avood  was  moved  contra- 
ry to  the  direction  of  its  iibres,  tlie  friction  in 
every  case  remained  the  same.  If  wood  is 
moved  upon  metals,  the  friction  is  greatly  in- 
creased by  an  increase  of  velocity  ;  and  when 
metals  move  upon  wood  smeared  with  tallow, 
the  friction  is  still  augmented  hy  adding  to  the 
velocity.  When  metals  move  upon  metals,  the 
friction  is  always  a  constant  quantity ;  but 
when  heterogeneous  substances  are  employed 
which  are  not  daubed  with  tallow,  the  friction 
is  so  increased  with  the  velocity,  as  to  form  an 
arithmetical  progression  when  the  velocities 
.form  a  geometrical  one. 

7.  The  friction  of  loaded  cylinders  rolling 
upon  a  horizontal  plane,  is  in  the  direct  ratio 
of  their  weights,  and  the  inverse  ratio  of  their 
diameters.  In  CJoulomb's  experiments,  the 
friction  of  cylinders  of  guaiacum-Avood,  which 
were  two  inches  in  diameter,  and  were  loaded 
with  1000  pounds,  was  18  pounds,  or  ^^  of  the 
force  of  pression.  In  cylinders  of  elm,  the 
friction  was  greater  by  4,  and  was  scarcely  di- 
minished by  the  interposition  of  talloAw 

From  a  variety  of  experiments  on  the  friction 
of  the  axis  of  puUies,  Coulomb  obtained  the 
following  results. — When  an  iron  axle  moved 
in  a  brass  bush  or  bed,  the  friction  was  |  of  the 
pression;  butwiien  the  bush  was  smeared  with 
very  clean  tallow,  the  friction  was  only  -}^, 
when  swine's  grease  was  interposed,  the  fric- 
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tion  amounted  to  -^^y,  and  when  olive  oil  was 
employed  as  an  unguent,  the  friction  was  nev- 
er less  than  i  or  j]j.  When  the  axis  was  of 
green  oak^  and  the  bush  of  giiaiacum-wood^ 
the  friction  was  -^j  when  tallow  was  interpos- 
ed ;  but  when  the  tallow  was  removed^  so  that 
a  small  quantity  of  grease  only  covered  the 
surface^  the  friction  was  increased  to  -/y.  When 
the  bush  was  made  of  elm^  the  friction  was  in 
similar  circumstances  -^^  and  ^V?  which  is  the 
least  of  all.  If  the  axis  be  made  of  box^  and 
the  bush  of  guaiacum-wood,  the  friction  was 
•2^  and  -^^j  circumstances  being  the  same  as 
before.  If  the  axle  be  of  boxwood^  and  the 
bush  of  elm,  the  friction  will  be  ^^  ^^^^  ^V  9 
and  if  the  axle  be  of  iron,  and  the  bush  of  elm^ 
the  friction  will  be  -^^  of  the  force  of  pression. 

Having  thus  given  a  brief,  though,  we  trusty 
a  comprehensive  view  of  the  interesting  results 
of  Coulomb*s  experiments,  we  shall  conclude 
this  part  of  the  subject,  by  presenting  the  rea- 
der with  some  excellent  and  original  obser\'a- 
tions  on  the  cause  of  friction,  by  Mr.  John 
Leslie,  Professor  of  Mathematics  in  the  Uni- 
versity of  Edinburgh.* 

^  If  the  two  surfaces  which  rub  against  each 
^  other  be  rough  and  uneven,  there  is  a  neces- 
^  sary  waste  of  force,  occasioned  by  the  grind- 
^  ing  and  abrasion  of  their  prominences.  But 
^  friction  subsists  after  the  contiguous  surfaces 
^  are  worked  down  as  regular  and  smooth  as 
^  possible.  In  fact,  the  most  elaborate  polish 
^  can  operate  no  other  change  than  to  diminish 
^  the  size  of  the  natural  asperities.     The  sur< 

*  See  his  ingt^nious  and  profound  workoti  the  Nuturc  and  Pro- 
pagation of  Heat,  chup.  xv»  p.  399«  &c. 
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face  of  a  body^  being  moulded  by  its  internal 
structure,   must  evidently  be  furrowed,  or 
toothed,  or  serrated.     Friction  is,  therefore, 
commonly  explained  on  the  principle  of  the 
inclined  plane,  from  the  efibrt  required  to 
make  tlie  incumbent  weight  mount  over  a  suc< 
cession  of  eminences.     But  this  explication, 
however  currently  repeated,  is  quite  insuffici- 
ent.    Tfie  mass  which  is  drawn  along  is  not 
continually  ascending ;  it  must  alternately  rise 
and  fall :  for  each  superficial  prominence  will 
have  a  corresponding  cavity ;  and  since  the 
boundary  of  contact  is  supposed  to  be  hori- 
zontal, the  total  elevations  will  be  equalled 
by  their  eolLateral  depi^ssions.    Consequent- 
ly, if  the  lateral  force  might  suiTer  a  diminu- 
tion in  lifting  up  the  weight,  it  would,  the 
next  moment,  receive  an  equal  increase  by 
letting  it  doAvn  again ;  and  those  opposite  ef< 
fects,  destroying  each  other,  could  have  no 
influence  whatever  on  the  general  motion. 
^  Adhesion  seems  still  less  capable  of  ac- 
counting for  the  origin  of  friction.    A  perpen- 
dicular force  acting  on  a  solid  can  evidently 
have  no  effect  to  impede  its  progress ;  and 
though  this  lateral  force,  owing  to  the  una- 
voidable inequalities  of  contact,  may  be  sub- 
ject to  a  certain  in'egular  obliquity,  the  ba- 
lance of  chances  must,  on  the  whole,  have  the 
same  tendency  to  accelerate,  as  to  retard,  the 
motion.    If  the  conterminous  surfaces  were, 
thei*efore,   to  remain  absolutely  passive,  no 
friction  could  ever  arise.     Its  existence  de- 
monstrates an  unceasing  mutual  change  of  fi- 
gure, the  opposite  planes,  during  the  passage, 
'  continually  seeking  to  accommodate  themi 


Mechanics.  Z9!i 

delves  to  all  the  minute  and  accidental  varie- 
ties of  contact.  The  one  surface,  being  pres- 
sed against  the  other^  becomes,  as  it  were^ 
compactly  indented,  by  protruding  some 
points  and  retracting  others.  This  adaptation 
is  not  accomplished  instantaneously,  but  re- 
quires  very  different  periods  to  attain  its 
mcuvimumy  according  to  the  nature  and  rela- 
tion of  the  substances  concerned.  In  some 
cases,  a  few  seconds  are  sufficient ;  in  others^ 
the  full  effect  is  not  produced  till  after  tho 
lapse  of  several  days.  While  the  incumbent 
mass  is  drawn  along,  at  every  stage  of  its  ad- 
vance, it  changes  its  external  configuration, 
and  approaches  more  or  less  towards  a  strict 
contiguity  with  the  under  surface.  Hence  the 
effort  required  to  put  it  first  in  motion,  and 
hence  too,  the  decreased  measure  of  friction, 
which,  if  not  deranged  by  adventitious  causes, 
attends  generally  an  augmented  rapidity.  This 
appears  clearly  established  by  the  curious  ex- 
periments of  Coulomb,  the  most  original  and 
valuable  which  have  been  made  on  that  inter- 
esting subject.  Friction  consists  in  the  force 
expended  to  raise  continually  tlie  surface  of 
pressure  by  an  oblique  .action.  The  upper  sur- 
face travels  over  a  perpetual  system  of  inclin- 
ed planes ;  but  that  system  is  ever  changing, 
with  alternate  inversion.  In  this  act,  the  in- 
cumbent weight  makes  incessant,  yet  unavaiU 
ing  efforts  to  ascend  :  for  the  moment  it  has 
gained  the  summits  of  the  superficial  promi- 
nences, these  sink  down  beneath  it,  and  the 
adjoining  cavities  start  up  into  elevations, 
presenthig  a  new  series  of  obstacles,  which 
are  again  to  be  surmounted;  and  thus  the 
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Liliours  of  Sisiplius  are  realized  in  the  phe- 
nomena of  friction. 

•  The  doi^ree  of  friction  must  evidently  de- 
pend on  tiic  angles  of  the  natural  protuber- 
ances, and  which  are  determined  by  the  clc- 
mentarv  structure  or  the  mutual  relation  of  the 
two  approximate  substances.     The  eflEect  of 
polihhini;  is  only  to  al)ridge  those  asperities, 
and  increase  their  number,  without  alterins;  in 
any  respect  their  curvalure  or  inflexions.  The 
constant  or  successive  acclivity  produced  by- 
the  ever-varying  adaptation  of  the  contigaous 
surfaces,  remains,  therefore,  the  same,  and 
consequently  the  expense  of  force  will  still 
amount  to  the  same  proportion  of  the  pressure. 
The  intervention  of  a  coat  of  oil,  soap,  or  tal- 
low, by  readily  accommodating  itself  to  the 
variations  of  contact,  must  tend  to  equalize 
it,  and,  therefore,  must  lessen  the  angles,  or 
soften  the  contour,  of  the  successively-emeig- 
ing  |>rominences,  and  thus  diminish  likewise 
the  fricticm  which  thence  results.' 
Having  thus  considered  the  origin,  the  nature^ 
and  tljc  effects,  of  friction,  we  shall  now  attend 
to  the  method  of  lessening  the  resistance  which 
it  opposes  to  machinery.     The  most  efficacious 
mode  of  accomplishing  this,  is  to  convert  that 
species  of  friction  w  Inch  arises  from  one  body 
being  dragged  over  another,  into  that  which  is 
occasioned  by  one  body  rolling  upon  another. 
As  this  will  always  diminish  the  resistance,  it 
may  be  easily  eflected  by  applying  wheels  or 
rollers  to  -iie  sockets  or  bushes  which  sustain 
the  gudgeons  of  large  wheels,  and  the  axles  of 
Vheel -carriages.  Casatus*  seems  to  have  been 

*  Mccbao.  lib.  ii,  cap.  i,  p.  IZO, 
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the  first  who  recommended  tliis  apparatus.  It 
was  afterwards  mentioned  by  Sturmius,^  and 
Wolfius;t  but  was  not  used  in  practice  till 
SullyJ  applied  it  to  clocks  in  the  year  1716? 
and  Mondranjl  to  cranes  in  1725-  Notwith- 
standing these  solitary  attempts  to  introduce 
friction-wheels,  they  seem  to  have  attracted 
but  little  attention  till  the  celebrated  Euler 
examined  and  explained,  with  his  usual  accu- 
racy, their  nature  and  advantages.^*  The 
diameter  of  the  gudgeons  and  pivots  should  be 
made  as  small  as  the  weight  of  the  wheel  and 
the  impelling  force  will  permit.  The  gudge- 
ons  sliould  rest  upon  two  wheels  as  large  as 
circumstances  Avill  allow,  having  their  axes  as 
near  each  other  as  possible,  but  no  thicker 
than  what  is  absolutely  necessary  to  sustain 
the  superincumbent  weight.  When  these  pre- 
cautions are  properly  attended  to,  the  resist- 
ance which  arises  from  the  friction  of  the  gud- 
geons, &c.  will  be  extremely  trifling. ft 

*  Misccllan.  nerolincns.  Tom.  i,  p.  306. 

f  Opera  Mathemalica,  torn,  ii,  p.  684. 

i  Machines  approuvces,  torn.  No.  177. 

Ii  Id.  No.  254. 

••  Mcmoires  de  l*Academie  de  Berlin  1748,  p.  133. 

•ff  Mr.  Walker,  a  lecturer  on  Experimental  Philosophy,  has 
boldly  pronounced  friction-wheels  to  be  *  expensive  nonsense,' 
(System  of  Famil.  Philos.  v.  i.)  This  jrcntlemcn  should  have 
recollected  that  they  were  recommended  by  Euler,  and  many  o- 
thcr  distinguished  philosophers,  and,  though  this  is  by  no  means 
a  sufficient  reason  for  their  adoption,  yet  we  liumbly  conceive 
lliat  the  errors  of  the  learned  should  always  be  opposed  with 
respectful  diffidence.  We  are  of  opinion,  however,  and  we  pre- 
sume that  every  person  who  understands  the  subject  will  ag'rce 
with  us,  that  the  friction-whecls,  if  properly  executed,  arc  of  im- 
mense service,  and  that  nothing  but  the  ignorance  or  narrowness 
of  the  proprietors  of  machinery  could  have  prevented  them  from 
Lging-  more  generally  adopted. 

VOL.  II.  Q  q 
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The  effects  of  friction  may  likewise  in  some 
measure  be  removed  l)y  a  judicious  applicatiou 
'  of  the  impellins;  i)ower,  and  l)y  proportioning 
the  size  of  the  friction-wlieels  to  the  pressure 
vhich  they  severally  sustain.  If  we  suppose, 
for  example,  that  the  weight  of  a  w  heel,  whose 
iron  i;udgeons  move  in  bushes  of  bras*,  is  100 
pounds;  then  the  friction  «irisiug  from  both  its 
gudgeons  will  be  equivalent  to  fl\!)  pounds.  If 
^ve  suppose  also  that  a  force  equal  to  10  pounds 
is  employed  to  impel  the  whetU  and  acts  in  the 
direction  of  gravity,  as  in  the  case  of  overshot 
'  ivhcels,  the  pressure  of  the  gudi:;eo!is  upon  their 
supports  will  thus  be  140  pounds,  aud  the  fric- 
tion 35  pounds.  Jjut  if  the  force  of  10  pounds 
could  be  applied  in  such  a  manner  as  to  act  in 
direct  opposition  to  tiie  wlieel's  weight,  the 
pressure  of  the  gudi:;oc)us  upon  their  supports 
wouhl  be  100 — K),  or  (iO  pounds,  and  the  fric- 
tion only  1;?  pounds,  h.  is  inipossibh*,  indeed^ 
to  make  the  moving  force  act  in  direct  opposi- 
tion to  the  gravity  of  the  wheeK  in  the  case  of 
water-mills ;  and  it  is  often  impracticable  for 
the  engineer  to  apply  the  impcllnijii;  power  but 
in  a  2;iven  wav  :  ImjI  there  are  p.ia.iv  cases  in 
%vhich  the  moving  ftu-ce  may  be  so  cxeried,  as 
at  least  not  to  increase  the  fric1i<ui  which  aris- 
es from  the  wheel's  weiirht. 

When  the  uioa  ing  force  is  not  exerted  in  a 
perpendicular  direction,  but  obliquely,  as  in 
undershot  wheels,  the  gudgeon  will  ju-ess  wilh 
greater  force  on  one  part  of  the  st>(ket  than  ou 
any  other  i)art.  This  point  will  evidrMi^ly  be  ow 
the  side  of  the  bush  o|>posilt  Ui  iluit  where  <lu«j 
power  is  applied,  and  its  disiarcu  irom  the  low.  v 
est  point  of  the  socket,  which  is  supposed  cir- 
I'ular  and  concentric  with  the  :;udjreou,  bfjiuir 
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vailed  Xy  we  will  Lave  Tang.  *r= — ,  that  is. 

V 
the  tangent  of  the  arcli  contained  between  the 
point  of  greatest  pressure  and  the  lowest  point 
of  the  bush,  is  equal  to  the  sum  of  all  the  hori- 
zontal forces,  divided  by  the  sum  of  all  the  ver- 
tical  forces  and  tlie  weight  of  the  wheel ;  //  re^ 
•presenting  the  former,  and  J'' the  latter  quanti- 
fies. Tlie  point  of  greatest  pressure  being  thus 
determined,  the  gudgeon  must  be  supported  at 
that  part  bj  the  largest  friction-wheel,  in  order 
to  equalize  the  friction  upon  their  axles. 

Tlie  application  of  these  general  principle.*? 
to  particular  cases  is  so  simple  as  not  to  require 
any  illustration.  To  aid  the  conceptions,  how- 
ever, of  the  practical  mechanic,  we  may  men- 
tion two  cases  in  which  friction- Vtiieels  have 
been  successfully  employed. 

Mr.  Gottlieb,  the  constructor  of  a  new  crane* 
has  received  a  patent  for  what  he  calls  an  anti- 
attrition  Jixle  tree,  the  beneftcial  effects  of  which 
he  has  ascertained  by  a  variety  of  trials.  It  con- 
i?ists  of  a  steel  roller  about  4?  or  0  inches  long, 
which  turns  within  a  groove  cut  in  the  inferior 
part  of  the  axle.  When  wheel-carriages  are  at 
rest,  Mr.  Gottlieb  has  given  the  friction-wheel 
its  proper  position;  but  it  is  evident  that  the  point 
of  gi'eatest  pressure  will  change  when  they  arc 
put  in  motion,  and  will  be  nearer  the  front  of  the 
carriage.  This  point,  however,  will  vary  with  the 
%veight  of  the  load :  hut  it  is  sufficiently  obvious^ 
that  the  friction-roller  should  be  at  a  little  dis- 
tance from  the  lowest  point  of  the  axle-tree. 

Mr.  Garnett,  of  Uristol,^  has  applied  friction- 
rollers  in  a  dillerent  manner,  which  does  not^ 

*  Novr  of  Ncw-Brunswick,  Stale  of  New-Jersey 
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like  the  preceding  method,  weaken  tlie  axle* 
tree.  Instead  of  fixing  the  rollers  in  the  iron 
pai*t  of  the  axle,  he  leaves  a  space  between  the 
nave  and  tiie  axis,  to  be  iillcd  with  equal  roll- 
ers almost  touching  each  otiier.  The  axes  of 
these  rollers  are  inserted  in  a  circular  ring  at 
each  end  of  the  nave,  and  these  rings,  and  con- 
sequently the  rollers,  are  kept  separate  and  pa- 
rallel, by  means  of  small  I)olts  passing  between 
tlie  rollers  from  one  side  of*  the  nave  to  the 
other. 

In  wheel-caniases  conslructed  in  the  com- 
mon  manner  with  conical  rims,  there  is  a  great 
degree  of  resistance  occasioned  l)y  tlie  friction 
of  the  linch-pins  on  the  external  part  of  the 
nave,  which  the  ingenious  mechanic  may  easi- 
ly remove  by  a  judicious  application  of  the 
preceding  principles. 

As  it  appears  from  the  experiments  of  Fer- 
guson and  Coulomb,  that  the  least  friction  is 
generated  when  polished  iron  moves  upon  brass, 
the  gudgeons  and  [livots  of  wheels,  and  the 
axles  of  friction-rollers,  should  all  lie  made  of 
polished  iron,  and  the  bushes  in  which  these 
gudgeons  move,  and  the  friction-wheels  should 
be  formed  of  polished  brass.* 

When  every  mechanical  contrivance  has  lieeu 
adopted  for  diminishing  the  obstruction  which 
arises  from  the  attrition  of  the  communicatins: 
parts,  it  may  be  still  farther  removed  by  the 
judicious  application  of  unguents.  The  most 
proper  for  this  purpose  are  swine's  grease  and 
tallow,  when  the  surfaces  are  made  of  wood ; 
and  oil,  when  tliey  are  of  metal.  When  the 
force  with  which  the  surfaces  are  pressed  togc- 

•  M.  <lc'  la  Hire  recommends  llie  sockets  or  bushes  to  bg  made 
Sf  jusurc  and  not  concave. 
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thcr  is  vcty  great,  tallow  will  diminish  the  fric- 
tion more  than  swine's  grease.  When  the  wood- 
en surfaces  are  very  small,  unguents  will  lessen 
their  friction  a  little,  hut  it  will  he  greatly  di- 
minished if  wood  moves  upon  metal  greased 
with  tallow.  If  the  velocities,  however,  he  in- 
creased, or  the  unguent  not  often  enough  re- 
newed, in  hoth  these  cases,  hut  particularly  in 
the  last,  the  unguent  will  he  more  injurious 
than  useful.  The  hcst  mode  of  applying  it,  is 
to  cover  the  rubhiiig  surfaces  with  as  thin  a 
stratum  as  possible,  for  the  friction  will  then 
be  a  constant  quantity,  and  will  not  he  increa- 
sed by  an  augmentation  of  velocity. 

In  small  works  of  wood,  the  interposition  of 
the  powder  of  black  lead  has  been  found  very 
useful  in  relieving  the  motion.  The  ropes  of 
pulleys  should  be  rubbed  with  tallow,  and 
whenever  the  screw  is  used,  the  square  thread'* 
should  be  preferred. 
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On  (Itr  JS^aluvc  aitfl  Ojicmtion  of  FJij-ivhecls 


A  FJiY  in  incclianips  is  a  lioavy  Avficcl  or 
ryliiidcr  v»  liieh  uiovos  rapidly  upon  its  axis, 
and  is  a]»plied  to  nui('.hino.s  for  the  purpose  of 
reuderiiii;  uniform  a  desultory  or  reciprocating 
motion,  arisins:  either  from  tlie  nature  of  the 
machinery  employed,  from  an  equality  in  the 
resistance  to  be  overcome,  or  from  an  irregular 
application  of  the  impelling  power.  AVhen  the 
first  mover  is  inanimate,  as  >vind,  water,  and 
steam,  an  inequalily  of  force  obviously  arise^:^ 
from  a  variation  in  the  velocity  of  the  wind, 
from  an  increase  or  decrease  of  water  occasion- 
ed by  sudden  rains,  or  from  an  augmentation 
or  diminution  of  the  steam  in  the  boiler,  pro- 
duced by  a  variation  in  the  heat  of  the  furnace; 
and,  accordingly,  various  methods  have  been 
adopted  for  regulating  the  action  of  these  va- 
riable powers.  The  same  inequality  of  force 
obtains  when  machines  are  moved  by  horses  or 
men.  Every  animal  exerts  its  greatest  strength 
when  first  set  to  work.  After  pulling  for  some 
time  its  strength  will  be  impaired,  and  when  the 
resistance  is  great,  it  will  take  frequent,  though 
short  relaxations,  and  then  commence  its  labour 
with  renovated  vigour.  These  intervals  of  rest 
and  vigorous  exertion  must  always  produce  a 
variation  in  the  velocity  of  the  machine,  which 
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ouglit  particularly  to  be  avoided,  as  beins;  de- 
trimental to  the  coiumunicatinj;  parts  as  well  as 
the  perfoimance  of  the  machine,  and  injurious 
to  the  animal  which  is  employed  to  drive  it.  J3ut 
If  a  tly,  consisting  either  of  cross  bars,  or  a  mas- 
sy circular  rim,  l)e  connected  witli  tl.e  machine-  * 
I'y,  all  these  inconveniences  will  be  removed. 
As  every  ily-wlieel  raiist  revolve  with  great  ra- 
pidity, the  momentum  of  its  circumference  must 
be  very  considerable,  and  will  consequently  re- 
sist every  attempt  either  to  accelerate  or  retard 
its  motion.  When  the  machine,  tiierefore,  has 
been  put  in  motion,  the  lly-wheel  w  ill  be  wliirl- 
ing  with  a  uniform  celerity,  and  with  a  force 
capahle  of  continuing  that  celerity  when  there  * 

is  any  relaxation  in  the  impelling  power.  Af- 
ter a  short  rest,  the  animal  renews  his  eflbrts, 
the  machine  is  now  moving  w  ith  its  former  ve 
locitvj  and  these  fresh  eil'orts  w  ill  have  a  ten- 
dency  to  increase  that  velocity :  the  fly,  how- 
ever,  now  acts  as  a  resisting  power,  receives 
the  greatest  part  of  the  superfluous  motion,  and 
causes  tlie  macliinery  to  preserve  its  original 
celerity.  In  this  way  the  lly  secures  to  the  en 
gine  a  uniform  motion,  w  hether  the  animal  takes 
occasional  relaxation  or  exertii  his  force  with 
redoubled  ardour. 

We  have  already  ol)scrved,  that  a  desultory 
or  variable  motion  frequently  arises  from  the 
inequality  of  resistance,  or  work  to  be  perform- 
cd.  This  is  particularly  manifest  in  thrashing 
mills,  on  a  small  scale,  which  are  driven  by 
■water.  When  the  corn  is  laid  unequally  on  the 
feediuiij-board,  so  that  too  much  is  taken  in  by 
the  fluted  rollers,  this  increase  of  resisiance 
iustantlv  affect«  the  maehinerv,  and  communi 
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calcs  a  desultory  or  irregular  motion  even  to 
the  water-wheel  or  first  mover.  This  variation 
in  the  velocity  of  the  impelling  power  may  be 
distinctly  perceived  by  the  ear  in  a  calm  even- 
ing, when  the  macliine  is  at  work.  The  best 
method  of  correcting  these  irregularities,  is  to 
employ,  a  fly-wheel,  which  will  regulate  the 
motion  of  the  macliine,  when  the  resistance  is 
either  augmented  or  diminished.  In  machines 
built  upon  a  large  scale,  there  is  no  necessity 
for  the  interposition  of  a  fly,  as  the  inertia  of 
the  macliinery  supplies  its  place,  and  resists 
every  change  of  motion  that  may  be  generated 
by  an  unequal  admission  of  the  corn. 
'  *  A  variation  in  the  velocity  of  eugiues  arises 

also  from  the  nature  of  the  machinery.  Let  us 
suppose  that  a  weight  of  1000  pounds  is  to  be 
raised  from  the  bottom  of  a  well  50  feet  deep, 
by  means  of  a  bucket  attached  to  an  iron  chain 
which  winds  round  a  barrel  i)r  cylinder :  and 
that  every  foot  length  of  this  chain  weighs  two 
pounds.  It  is  evident  that  the  resistance  to  be 
overcome  in  the  first  moment  is  lOOl)  pounds, 
added  to  50  pounds,  the  weight  of  the  chain; 
and  that  this  resistance  diminishes  gradually, 
as  the  chain  coils  round  tlie  cyrmder,  till  it  be- 
comes only  1000  pounds,  when  the  chain  is 
comple^j'ly  wound  up.  The  resistance  therefore 
decreases  from  1050  to  1000  pounds:  and,  if  the 
impelling  ])owerbe  inanimate,  the  velocity  of  the 
bucket  will  siraduallv  increase :  but  if  an  animal 
be  employed,  it  will  generally  proportion  its 
action  to  the  resisting  load,  and  must  therefore 
pull  with  a  greater  or  less  force  according  as  the 
bucket  is  near  the  top  or  bottom  of  the  well.  In 
this  case,  however,  the  assistanccof  a  fly  may  be 
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dispensed  with,  because  the  vcsistance  dimi- 
nishes unifonnly,  and  may  be  rendered  con- 
stant, by  making  the  barrel  conical,  so  that  the 
chain  may  wind  upon  the  pai-t  nearest  the  ver- 
tex at  the  commencement  of  the  motion,  tiie 
diameter  of  the  barrel  gradually  increasing  as 
the  weight  diminishes.  In  this  way,  the  vari- 
able  resistance  will  be  equalized  much  better 
than  by  the  application  of  a  fly-wheel ;  for  tlie 
fly,  having  no  power  of  its  own,  must  neces- 
sarily waste  the  impelling  power. 

Having  thus  pointed  out  the  chief  causes  of 
a  variation  in  the  velocity  of  machines,  and  the 
method  of  rendering  it  uniform  by  the  inven- 
tion of  fly-wheels,  the  utility,  and,  in  some  in- 
stances,  the  necessity  of  this  piece  of  mechan- 
ism^ may  be  more  obviously  illustrated  by 
showing  tlie  propriety  of  its  application  in  par- 
ticnlar  cases. 

In  the  description  which  has  been  given  of 
Vaulouc's  pile  engine  in  Vol.  I.  the  reader 
must  have  remarked  a  striking  instance  of  the 
utility  of  fly-wheels.  The  ram  Q  is  raised  be- ^P**^"  ^^■ 
tween  the  guides  ifi,  by  means  of  horses  act-  ^^* 
ing  against  the  levers  SS  ;  but  as  soon  as  the 
ram  is  elevated  to  the  top  of  the  guides,  and 
discharged  from  the  follower  6r,  the  resistance 
against  which  the  horses  have  been  exerting 
their  force,  is  suddenly  removed,  and  they 
would  instantaneously  tumble  down,  were  it 
not  for  the  fly  O.  This  fly  is  connected  with 
the  drum  U,  by  means  of  the  trundle  X;  and 
as  it  is  moving  with  a  very  great  force,  it  op- 
poses a  sufficient  resistance  to  the  action  of  the 
horses, 'till  the  ram  is  again  taken  up  by  the 
follower. 

\r»T..  IT.  R  r 
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When  macliinery  is  driven  by  a  siiij^lc-stroko 
6team-en':;ihe^  tborc  is  such  an  inequality  in  ilic 
impellln^f,*  power,  that,  for  2  or  ^  seconds,  it 
does  not  act  at  all.  During  this  interval  of  in- 
activity, the  machinery  would  necessarily  slo[f, 
were  it  not  imiiclled  by  a  massy  lly-whecl  of  a 
great  diameter,  revolving  wilh  rapidity,  till  the 
moving  power  again  resumes  its  energj'. 

If  the  moving  power  be  a  man  acting  with  a 
handle  or  winch,  it  is  subject  to  great  inequaT 
lities.  The  greatest  force  is  exerted  when  the 
man  pulls  the  handle  upwards  from  the  height 
of  his  knee,  and  he  acts  with  the  least  force 
when  the  handle,  being  in  a  vertical  position, 
is  thrust  from  him  in  a  horizontal  direction. — 
The  force  is  again  increased  when  the  handle 
is  pushed  downwards  by  the  man's  weight,  and 
it  is  diminished,  when  the  handle,  being  at  its 
lowest  point,  is  pulled  tow<arils  him  horizon- 
tally. But  when  a  ily  i<s  properly  connected 
with  the  machinery,  these  irregular  exertions 
are  equalized,  the  velocity  becomes  uniform, 
and  the  load  is  raised  with  an  equable  and 
steady  motion. 

In  many  cases,  m  here  the  impelling  force  is 
alternately  augmented  and  diminished,  the  per- 
formance of  the  machine  may  be  increased  by 
rendering  the  resistance  unequal,  and  accom- 
modating it  to  the  inequalities  of  the  moving 
power.  J)r.  llobisou  observes,  that  •  there  arc 
^  some  beautiful  specimens  of  this  kind  of  ad- 
^  justment  in  the  mechanism  of  animal  bodies.' 

Besides  the  utility  of  fly-wheels  as  regulators 
of  machinery,  they  have  been  employed  for  ac- 
cumulating or  collecting  power.  If  motion  be 
communicated  to  a  fly-wheel  by  means  of  a 
small  force,  and  if  this  force  be  continued  till 
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the  wheel  lias  acquired  a  great  yelocity^  such 
a  quantity  of  inution  will  be  accumulated  in  it^i 
circnmicrence  as  to  overcome  resistances,  and 
produce  effects,  which  could  never  have  been 
accomplished  by  the  originaliforce.  80  great 
is  this  accumulation  of  power,  that  a  forci^ 
equitaknt  to  SO  pounds,  applied  for  the  space 
of  37  seconds  to  the  circumference  of  a  cylin- 
der, 20  feet  diameter,  which  weighs  4713 
pounds,  wouUl^  at  the  distance  6f  one  foot  from 
the  centre,  givd  an  impulse  to  a  musket  ball 
equal  to  what  it  receives  from  a  full  charge  of 
gunpowder^  In  the  space  of  6  minutes  and  10 
seconds,  the  same  effect  would  be  produced,  if 
the  cylinder  were  driven  by  a  mail  who  con^ 
stantly  exerted  a  force  of  20  pounds  at  a  winch 
1  foot  long.* 

This  accumulation  of  power  is  finely  exem- 
plified in  the  sling.  When  the  thong  which 
contains  the  stone  is  swung  round  the  liead  of 
the  slinger,  the  force  of  the  hand  is  continual- 
ly accumulating  in  the  revolving  stone,  till  it 
is  discharged  with  a  degree  of  rapidity  which  it 
could  never  have  received  from  the  force  of  the 
band  alone.  When  a  stone  is  projected  froni 
the  hand  itself,  there  is  even  then  a  certain  de- 
gree of  force  accumulated,  though  it  only  moves 
through  the  arch  of  a  small  circle.  If  we  fiix 
the  stone  in  an  opening  at  the  extremity  of  a 
piece  of  wood  2  feet  long,  and  discharge  it  ia 
the  usual  way,  there  will  be  more  force  accu^ 
mulated  than  with  the  hand  alone,  for  the  stone 
describes  a  larger  arch  in  the  same  time,  and 
must  therefore  be  projected  with  greater  force. 

•  This  has  been  demons'ratwl  by  Mr.  Atwood.  See  his  Treat- 
ise on  UectUiaeal  and  Uotatory  Motion. 
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When  coins  or  medals  arc  struck,  a  very 
considerable  accumulation  of  power  is  neccs* 
sary,  and  this  is  eftected  by  means  of  a  fly. — 
The  force  is  flrst  accumulated  in  weights  fixed 
in  the  end  of  the^y,  this  force  is  communicat- 
ed to  two  levers,  by  which  it  is  further  con- 
densed ;  and  from  these  levers  it  is  transmitted 
to  a  screw,  by  which  it  suflcrs  a  second  con- 
densation. The  stamp  is  then  impressed  on 
the  coin  or  medal  by  means  of  this  force,  whic  h 
was  first  accumulated  by  the  fly,  and  after- 
wards augmented  by  the  intervention  of  two 
mechanical  powers.^- 

Notwithstanding  llic  great  advantages  of  fly- 
wheels,  both  as  regulators  of  machines,  and 
collectors  of  power,  their  utility  wholly  depends 
upon  the  position  which  is  assigned  them,  rela- 
tive to  the  impelled  and  working  points  of  the 
engine.  For  this  purpose,  no  pai'ticular  rules 
can  be  laid  dow  n,  as  their  position  depends  al- 
together on  the  nature  of  tlie  machinery.  We 
may  observe,  however,  in  general,  that  when 
fly-wheels  are  employed  to  regulate  machinery, 
they  should  be  near  the  impelling  power;  and, 
when  used  to  accumulate  force  in  the  working 
point,  they  should  not  be  far  distant  from  it. — 
In  hand-mills  for  grinding  corn,  the  fly  is  for  the 
most  part  very  injudiciously  fixed  on  the  axis  to 
which  the  winch  is  attached;  whereas,  it  should 
always  be  fastened  to  tlie  upper  millstone,  so  as  ' 
to  revolve  with  the  same  rapidity*  In  the  first 
position,  indeed,  it  must  equalize  the  varying 
eflbrts  of  the  power  which  moves  the  wiucli  ; 

•  In  the  article  on  tlie  Steam -Eng'ine,  the  reader  wUl  see  an 
aecotiiit  of  a  new  kind  of  fly,  called  ihe  conical  pendulum,  which 
Messrs.  Wall  and  Buullon  have  very  injreniously  employed  fur 
regulating  the  admission  of  steam  iuio  the  cylinder. 
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but  wbcn  it  is  attached  to  tlic  turning  mill- 
stoue,  it  not  only  docs  this,  but  contributes  ve- 
ry effectually  to  the  grinding  of  the  corn. 

Dr.  Dcsaguliers  mentions  an  instance  of  a 
blundering  engineer,  who  applied  a  fly-wheel 
to  the  slowest  mover  of  the  machine,  instead 
of  the  swiftest.  The  machine  was  driven  by 
four  men,  and  when  the  fly  was  taken  away, 
one  man  was  sufficiently  able  to  work  it.  The 
error  of  the  workman  arose  from  his  conceiv- 
ing, like  many  others,  that  the  fly  added  pow- 
er to  the  machine ;  but  we  presume,  that  Dr. 
Desaguliers  himself  has  been  accessary  to  this 
.  general  misconception  of  its  nature,  by  deno- 
minating it  a  mechanical  power.*  By  the  in- 
terposition of  a  fly,  however,  as  the  Doctor 
well  knew,  we  gain  no  mechanical  force  ;  tho 
impelling  power,  on  the  contrary,  is  wasted, 
and  the  fly  itself  even  loses  some  of  the  force 
which  it  receives,  by  tlie  resistance  of  the  air. 

•  Dr.  Dcsaguliers  calls  it  a  mechanical  or^an  ;  but  he  gives  the 
ftame  appellation  tu  ttic  lever,  and  all  the  oilier  mochanical  pou'-. 
ers.     See  his  Experimental  Philosophy,  Vol   i,  p.  344. 
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On  WhceLCavrlagei^. 


Mil.  Fniaasox,  in  liis  IVtIi  Lecture,  hu 
treated  the  subject  of  Avheel-carriagcs  with  great 
perspicuity,  and  l)<n.s  coniniunicated  inucli  prac- 
tical information  of  considerable  importance- 
Many  of  the  prejudices,  however,  which  he  has 
there  encountered,  and  several  others  which 
have  escaped  his  notice,  still  continue  to  pre- 
vail in  this  countrv:  and  as  some  of  these  have 
been  countenanced  even  byinsrenions  men,  we 
are  laid  under  a  more  urgent  necessity  of  at- 
tempting to  develope  the  source  of  their  errors, 
and  of  regulating  the  practice  of  the  mechanic 
bv  the  deductions  of  theorv.  The  verv  assist- 
ance  which  theory  has  in  this  case  furnished 
to  the  artist,  has  been  rendered  both  iH»ele$s 
and  injurious  by  an  erroneous  application;  and 
we  may  safely  allirm*  that  there  is  no  species 
of  machinery  where  less  science  is  displayed, 
thaji  in  the  construction  and  position  of  car- 
riage-wheels. The  few  imperfect  hints  which 
we  are  able  to  convey  upon  this  subject^  i-e- 
gard  the  formation  and  position  of  the  wheels^ 
tlie  line  of  traction,  and  the  method  of  dispos- 
ing the  load  which  is  to  be  drawn.     To  some 
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of  these  we  solicit  the  reader's  <n.tteiition,  ^^vvxvin 
being  entirely  new.  and  apparently  leading  to^ ' " 
consequences  of  high  importance. 

On  the  formation  of  carriage -wheels. 

When  tlic  wheels  of  carriasjes  either  move 
upon  a  level  surface,  or  overcome  obstacles 
which  impede  their  progress,  they  act  as  me* 
chanical  powers,  and  may  be  reduced  to  levers 
of  the  first  kind.  In  order  to  elucidate  this 
remark,  which  is  of  gi'eat  importance  in  the 
present  discussion,  let  JL  be  the  centre,  and  Fig.  5. 
ItCJS*  the  circumference  of  a  wheel  6  feet  in 
diameter,  and  let  the  impelling  power  P,  which 
is  attached  to  the  extremity  of  a  rope  ADPy 
passing  over  the  pulley  J>,  act  in  the  horizon- 
tal direction  AJJ.  Then,  if  the  wheel  be  not 
affected  by  friction,  it  will  l)e  put  in  motion 
upon  the  level  surface  MBy  when  the  power  P 
is  infinitely  small.  For,  since  the  whole  weight . 
of  the  wheel  rests  on  the  ground  at  the  point 
Bj  which  is  the  fulcrum  of  the  lever  •iBj  the 
distance  of  the  weight  from  the  centre  of  mo- 
tion Avill  be  nothing,  and  therefore  the  mecha- 
nical energy  of  the  smallest  power  P,  acting 
at  the  point  Jl,  with  a  length  of  lever  »i/i,  will 
be  infinitely  great  when  compared  with  the  re- 
sistance of  tlie  weight  to  be  raised ;  and  this 
>vill  be  the  case,  however  small  the  lever  AJBy 
and  however  great  the  weight  of  the  wheel. — 
Sut  as  the  wheels  of  carriages  are  constantly 
meeting  with  impediments,  let  C  be  an  obsta- 
cle 6  inches  high,  which  the  wheel  is  to  sur- 
mount. Then  the  spoke  JlC  will  represent  the 
lever,  C  its  fulcrum,  JlD  the  direction  of  the 
power;  and  if  the  wheel  weigh  100  pounds. 
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wc  may  represent  it  by  a  weight  Wj  fixed  to 
the  wlieel's  centre  *4,  or  to  the  extremity  of  the 
lever  C%ij  and  acting  in  the  perpendicular  di- 
rection •iBy  in  opposition  to  the  power  P. — 
Now,  the  mechanical  energy  of  the  weight  W 
to  pull  the  lever  round  its  fulcrum  in  the  di- 
rection .UB,  is  represented  by  CEj  while  the 
mechanical  encrgj'^  of  an  equal  weight  P  to 
I>uU  it  in  the  opposite  direction  JiFj  is  repre- 
Kcnted  by  CF ;  an  equilibrium^  therefore,  will 
be  produced,  when  the  power  P  is  to  the 
weight  W  as  CE  to  CFj  or  as  the  sine  is  to 
the  cosine  of  an  angle^  whose  versed  sine  is 
equal  to  the  height  of  the  obstacle  to  be  sur- 
mounted ;  for  Eliy  the  height  of  the  mound  C, 
is  the  versed  sine  of  the  angle  BACn  CE  is 
is  -the  sine,  and  CF  the  cosine  of  the  same  an- 
jj;le.  In  the  present  case,  where  EB  is  6  in- 
ches, and  AB  3  feet,  jBjB,  the  versed  sine,  will 
be  1666,  kc.  when  Jlfi  is  1000;  and,  couse- 
.quently,  the  angle  B^IC  will  be  33'^  33\  and 
6'!:;' will  be  to  CF  as  52  to  83,  or  as  06  to  100, 
A  weiglit  7^,  therefore,  of  66  pounds,  acting  in 
fl,  horizontal  direction,  will  balance  a  wheel  6 
feet  diameter,  .and  100  pounds  in  Aveight,  up- 
on an  obstacle  6  inches  high ;  and  a  small  ad- 
ditional power  will  enable  it  to  surmount  that 
obstacle.  But  if  the  direction  Jilt  of  the  pow- 
er  be  inclined  to  the  horizon,  so  that  the  point 
JJ  may  rise  towards  //,  the  line  JPY',  which 
represents  the  mechanical  energy  of  P,  Mill 
gradually  increase,  till  D./1  has  reached  the 
position  IMy  perpendicular  to  AC,  where  its 
mechanical  energy,  which  is  now  a  maximum, 
is  represented  by  AC,  the  radius  of  the  v«^eel; 
and  since  A'O  is  to  Cd  as  53  to  1000,  a  lit- 
tle more  than  dS  pounds  will  be  sufficient 
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for  enabling  the  wheel  to  overcome  the  obsta- 
cle. 

Proceeding  in  this  way,  it  will  be  founds 
that  the  power  of  wheels  to  surmount  eminen- 
ces increases  with  their  diameter,  and  is  di- 
rectly proportional  to  it,  when  their  weight  re- 
mains the  same,  and  when  the  direction  of  the 
power  is  perpendicular  to  the  lever  which  acts 
mgainst  the  obstacle.  Hence  we  see  the  great 
advantages  which  are  to  be  derived  from  large 
wheels,  and  the  disadvantages  which  attend 
small  ones.  There  are  some  circumstances^ 
however,  wliich  confine  us  within  certain  lim- 
its in  the  use  of  large  wheels.  When  tjie  ra- 
dius AB  of  tiie  wheel,  is  greater  than  I)M  the 
height  of  the  pulley,  or  of  that  part  of  the 
horse  to  Avliich  the  rope  or  pole  DA  is  attach- 
ed, the  direction  of  the  power,  or  the  line  of 
traction  «3i>,  will  be  oblique  to  the  horizon  as 
M,  and  the  mechanical  energy  of  the  power 
will  be  only  •Ae^  whereas,  it  was  represented 
by  AEy  when  the  line  of  traction  was  in  the 
horizontal  line  JM.  Whenever  the  radius  of 
the  wheel,  therefore,  exceeds  four  feet  and  a 
half  the  height  of  that  part  of  the  horse,  to 
which  the  traces  should  be  attached,*  the  line 
of  traction  Al)  will  incline  to  the  horizon,  and 
by  declining  from  the  perpendicular  •flii,  its 
mechanical  eftbrt  will  be  diminished;  and 
since  Jhe  load  rests  upon  an  inclined  plane^ 
the  tr^s  or  poles  of  the  cart  Avill  rub  against 
the  flanks  of  the  horse  even  in  level  roads,  and 

•  According  to  M.  Couplet  the  distance  of  this  part  of  the 
horse  from  the  ground  is  generally  three  feet  and  a  half.  (Mem. 
AcJul.  Royale  1733.  8vo.  p.  75)  In  horses  of  a  common  size,  how- 
ever, it  is  seldom  \iii\o\r  four  feet  and  a  half 
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still  more  severely  in  descending  gronnd.  Kof- 
M'ithstaudingthis  diniinuJLion  of  force,  however, 
arising  from  the  unavoidable  obliquity  of  the 
impelling  power,  wheels  exceeding  four  and  a 
half  feet  radius  have  still  the  advantage  ef 
smaller  ones  ;  but  their  power  to  overcome  re- 
sistances docs  not  increase  so  fast  as  before. — 
Hitherto  we  have  supposed  the  weight  of  the 
large  and  small  wheels  to  be  the  same,  but,  it 
is  evident,  that  when  we  augment  tlieir  diame-* 
ter,  we  add  greatly  to  their  Aveight ;  and,  by 
thus  increasing  the  load,  we  sensibly  diminish 
their  power. 

From  these  remarks  we  see  the  superiority 
of  great  wheels  to  small  ones,  and  the  particu- 
lar circumstances  which  suggest  the  propriety 
of  making  the  wheels  of  carriages  less  than  4^ 
feet  radius.  £ven  tiiis  size  is  too  great,  as  we 
shall  afterwards  show,  when  speaking  of  the 
line  of  traction ;  and  Ave  may  safely  assert,  that 
they  should  never  exceed  6  feet  in  diameter, 
and  should  never  be  less  than  3^  feet.  When 
the  nature  of  the  machine  will  permit,  large 
wheels  should  always  be  prefen'ed,  and  small 
ones  should  never  be  adopted,  unless  we  are 
compelled  to  employ  them  by  some  unavoida- 
ble circumstances  in  the  construction.*^  This 
maxim,  which  has  been  inculcated  by  every 
person  who  has  written  on  the  subject,  seems 

•  For  the  advantage  of  those  who  wish  tostiulyhisst^kctwith 
greater  attention,  and  with  the  view  also  of  recommending^  the 
use  of  lar^  wlieels,  ws  shall  subjoin  t)ie  following  references  to 
the  works  of  eminent  men,  who  have  held  the  same  opinion  np- 
on  tliis  point:  Mersennus's  fieom.  p.  459.  Hcrigon*  Mecan.  Prob. 
16.  Schol.  Wallis's  Mecan.  3.  7,  Prob.  3.  Schol.  §  15.  Phil.  Trans. 
V.  15,  p.  856. — Camus,  Traitc  des  Forces  Mouvantcs,  Prop.  28; 
ijO :  and  Deparcicux  sur  Ic  Tiragc  dcs  Cheva.ux»  Mem.  Acad- 
Koyalc  176u,  p.  263,  4lo. 
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to  have  been  strangely  neglected  by  the  prac- 
tical mechanics  of  tliis  country.  The  fore- 
wheels  of  our  carnages  are  still  unaccountably 
emall^  and  we  have  seen  carts  moving  upon 
wheels  scarcely /<7Mrt(?cn  inches  in  diameter. — 
The  workman^  indeed^  will  tell  us^  that  in  the 
one  case  the  wheels  are  made  small  for  the 
conveniency  of  turnings  and  in  the  other  for 
facilitating  the  loading  of  the  cart ;  but  how 
trifling  are  these  advantages^  when  compared 
with  that  diminution  of  the  horses'  power  which 
necessarily  results  from  the  use  of  small  wheels. 
A  convenient  place  for  turning  with  large  fore- 
wheels,  which  is  not  frequently  required,  may 
be  procured  by  goivg  to  the  end  of  a  street ; 
and  a  few  additional  turns  of  a  windlass  will 
be  sufficient  to  raise  the  heaviest  load  into  carts 
which  are  mounted  upon  high  wheels.  It  lias 
been  objected  against  large  fore-wheels,  that 
the  horses,  when  going  down  a  declivity,  can- 
not so  easily  prevent  the  carriages  from  run- 
ning downwards  ;  but  this  very  objection,  tri- 
fling as  it  is,  is  a  plain  confession,  that  largo 
fore- wheels  are  advantageous  both  in  horizon- 
tal and  incUned  planes^  otherwise  their  ten- 
dency downwards  would  not  be  greater  than 
that  of  small  ones.* 

Having  thus  ascertained  the  superiority  of 
large  wheels,  we  are  now  to  determine  on  the 
shape  which  ought  to  be  assigned  them.  Every 
person  who  is  not  influenced  by  preconceived 
notions,  would  affirm,  without  hesitation,  that  if 

•  From  some  experiments  on  wheel  carriages,  Mr.  Walker 
conceives  that  the  greatest  advantage  was  obtained  when  the 
hind  wheels  were  5  feet  6  inches  in  diameter,  and  the  fore  ones 
4  feet  8  inches,  whereas  the  large  wheels  are  in  general  only  4 
feet  8  inches,  and  the  small  ones  3  feet  8  inches. --System  of  Fa- 
miliar Pliilosopby,  V.  i,  p.  130. 
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xxxv'Ui  *^^  wheels  arc  to  consist  of  solid  wood,  they 
'  should  he  portions  of  a  cylinder ;  and  if  they 
are  to  he  composed  of  naves,  spokes,  and  fel- 
lies, that  the  rim  of  the  wheel  ought  to  be  cy- 
lindrical,  and  tlie  spokes  perpendicular  to  the 
naves.  But  some  men,  desirous  of  being  in- 
ventors, have  renounced  this  simple  shape,  and 

fig.  6.  adopted  the  more  complicated  form  of  Fig.  6. 
where  the  rim  AvsB  is  conical,  and  the  spoke» 
inclined  to  the  naves.*  Philosophers?,  too, 
have  found  a  reason  for  this  chan£;e,  and  it  has 
been  adopted  in  every  country,  more  from  the 
authority  of  names  than  the  force  of  argumentw 
It  is  Avith  the  greatest  diffidence,  however,  that 
we  presume  to  contradict  a  practice  whicli  has 
been  defended  by  the  most  celebrated  mecha- 
nics, but  we  trust  that  the  reader's  indulgence 
will  be  proportioned  to  the  solidity  of  the  rea- 
sons upon  which  this  difference  of  sentiment  is 
founded. 

The  form  represented  in  Fig.  6.  then,  is  li- 
able  to  two  objections,  namely,  the  inclination 
of  tlie  spokes,  and  the  conical  figure  of  the  rim. 
When  tlie  spokes  are  inclined  to  the  nave,  the 
wheels  arc  said  to  be  concave,  or  dishing,  and 
ihey  are  recommended  by  Mr.  Ferguson,  and 
every  other  writer  on  meclianics,  fi"om  the  nu- 
merous  advantages  which  are  said  io  attend 
them.  By  extending  the  base  of  the  carriage, 
they  prevent  it  from  being  easily  overturned, 
they  hinder  the  fellies  from  rubbing  against 
tlie  load,  or  the  sides  of  the  cart,  and  when 
one  wheel  falls  into  a  rut;  and,  therefore,  sup- 
j)orts,  more  than  one  half  of  the  load,  the  spokes 

•  This  Inclination  is  about  1  inch  out  of  11,  op  mA  is  g^neratiy 
'i  lixuhcj  when  Uic  diumeter  of  the  wheel  is  SJ  fett 
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are  brought  into  a  perpendicular  position,  which 
renders  them  more  capable  of  supporting  this 
additional  weight.  Now,  it  is  evident,  that 
the  second  of  these  advantages  is  very  trifling, 
and  may  be  obtained  when  it  is  wanted,  by  in- 
terposing a  piece  of  board  between  tlie  wheel 
and  the  load.  The  other  two  advantages  ex- 
ist only  in  very  bad  roads  ;  and  if  tliey  be  ne- 
cessary, which  we  very  much  question,  in  a 
pounlry  like  this,  where  the  roads  are  so  ex- 
cellently made,  and  so  regularly  repaired,  the 
flame  advantage  can  easily  be  procured  by  ma- 
king the  axle-tree  a  few  inches  longer,  and  in- 
creasing the  strength  of  the  spokes.  But  it  is 
allowed  on  all  hands,  that  perpendicular  spokes 
are  preferable  on  level  grouncl.  The  inclination 
of  the  spokes,  therefore,  which  renders  concave 
wheels  advantageous  in  rugged  and  uneven 
roads,  renders  them  disadvantageous  when  the 
roads  are  in  good  order ;  and  where  the  good 
roads  are  more  numerous  than  the  bad  ones^ 
as  they  certainly  arc  in  this  country,  the  dis- 
advantages of  concave  wheels  must  overbalance 
their  advantages.  It  is  true,  indeed,  that  in 
concave  wheels,  the  spokes  are  in  their  strong- 
est position  when  they  are  exposed  to  the  se- 
verest strains,  that  is,  wiien  one  wheel  is  in  a 
deep  rut,  and  sustains  more  than  one  half  of 
the  load ;  but  it  is  equally  true,  that  in  level 
ground,  where  the  spokes  are  in  their  weakest 
position,  a  less  severe  strain,  by  continuiog  for 
a  much  longer  time,  may  be  equally,  if  not 
more  detrin^cntal  to  the  \vheeL* 

•  Mr.  Anstice,  in  his  excellent  Trcat;se  on  wheel-carriages, 
recommends  concave  wheels ;  but  candidly  allows  that  'some 
*  disadvantages  atiend  this  contrivance ;  for  the  carriage  thub 
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Flats  Udou  these  observations  we  midit  rest  fhe 

opinion  which  we  have  been  maintaining^  and 
appeal  for  its  truth  to  the  judgment  of  every 
intelligent  and  unbiassed  mind ;  but  we  shall 
go  a  step  farther^  and  endeavour  to  show  that 
concave  disliing  wheels  are  more  expensive^ 
more  injurious  to  the  roads,  more  liable  to  be 
broken  by  accidents,  and  less  durable  in  gene- 
ral than  those  wheels  in  which  the  spokes  are 
perpendicular  to  the  naves.     By  inspecting 

rig.  6.  Fig.  6.  it  will  appear  that  the  whole  of  the 
pressure  which  the  wheel  AB  sustains,  is  ex- 
erted along  the  inclined  spoke  ps,  and,  tliere- 
fore  acts  obliquely  upon  the  level  ground  nD, 
whether  the  rims  be  conical  or  cylindrical. — - 
This  oblique  action  must  necessarily  injure  the 
roads,  by  loosening  the  stones  more  between 
B  and  1)  than  between  B  and  n  ;  and  if  the 
load  were  sufficiently  great,  the  stones  would 
start  up  between  s  and  D.  The  texture  of  the 
roads,  indeed,  is  sufficiently  firm  to  prevent 
this  from  taking  place ;  but,  in  consequence  of 
the  oblique  pressure,  the  stones  betAveeu  s  and 
'  It  will  at  least  be  loosened,  and,  by  admitting 
the  rain,  the  whole  of  the  road  Avill  be  materi- 
ally damaged.  Vut  Avhen  the  spokes  are  per- 
pendicular to  the  naA'e  as  pn^  and  when  the 
rims  mAj  nB,  are  cylindrical,  or  parallel  to 
the  ground,  the  weight  sustained  by  the  wheel 
will  act  perpendicularly  upon  the  road,  and 
however  much  that  weight  is  increased,  its  aCt 


•  takes  up  more  room  upon  the  road,  which  makes  it  more  un» 
'  manageable  ;  and  when  it  moves  upon  plane  ground,  the  spokes 

*  not  only  do  not  bear  perpendicularly,  by  which  means  Iheir 
**  strength  is  lessened,  but  the  friction  upon  the  nave  and  jxle 
^  is  made  unequal,  and  the  more  so  the  more  they  are  dished.' 


V! 


1 
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flpn  can  Imtb  ho  teinduMSf  4q  derange  the  vd^^E^ 

toiials  of  wbi^b  it  ia  compbsed^  but  iaraifcer^*^* 

calculated  to  consolidate  them,  and  reodar  tba ,      ,   ^, 
ioad  more  firm  and  domble. 

*^-  Itwas  observed  that  concave  wheels  are  mor^ 

expensive  than  plane  ones.  This  additional  ex^   '     ^ .  \ 

pense  arises  from  the  greater  quaAtify  of  wood 

'  juid  workmanship  which  the  former  require;  fon^ 

V.  jjn  order  that  dishing  wheels  inay  be.of  the  aaaui. 

u  perpendicular  height  as  plane  ones^  the  qpokea  . 

g'  the  former  must  exceed  in  length  those  of  the 
tter^  as  much  as  the  hypothenose  aJl  at  tba 
tiriangle  oAm  exceeds  the  side  am  ;  and  thereKFif  »a. 
Sore  theweight  and  the  resistance  of  such  wheela  * 
must  be  proportionably  great.  'The  inclined 
apokes^  top^  cannot  be  formed  nor  inserted  with 
auch  facility  as  perpendicular  ones.  The  extre- 

; '  aiity  of  the  spoke  whioli,  is  fixed  into  the  nave 

ia  inserted  at  right  angles  to  it,  in  the  direction 

UMp^  and  if  the  rims  be  cylindrical^  the  other  spoke 

anould  be  inserted  in  a  similar  manner^  whiln 

^  4he  intermediate  portion  has  an  inclined  posi*:  .  ^ 

tion.  There  are,  therefore^  two  flexures  orbe||iis(        .#    '\  4 
ings  in  the  spokes  of  concave  wheels,  which,  li^  •    v . 
^Iiire  them  to  be  formed  out  of  a  larger  piepfji         '-^ 

,  of  wood  than  if  they  had  no  such  fiexur^anl  ^ 

'  fender  them  liable  to  be  broken  by  any  mmn^ 
atrain  at  the  points  of  fiexure.  -'-^ilk:       ^ 

•  In  the  comparison  which  we  have  n<iKbeq|^ 
atating,  between  the  merits  of  concave  amiplaiii^ 
wheels,  we.  have  taken  for  granted  whai  haa 
been  uniformly  stated  by  the  advocatlia  of  tlNi 
former,  that  when  one  of  the  wheels  faOa  into  a 
rut,  or  surmounts  an  eminence,  the  loweat  aos- 
jfaiina  much  more  than  one  half  of  thipload.  Now 
tton^  it  is  true  that  the  lower  wheel  su^qporta 


pt 
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Plate*  more  tliaii  oufc  lialf  of  the  load,  yet  we  deuy  that 
^^^  ■  it  bears  so  much  as  lias  generally  been  suppos-* 
etl,*  and  we  sliall  prove  the  assertion,  by  point- 
ing out  a  method  of  ascertaining  the  additional 
weight  which  is  transferred  to  one  wheel  by  any 
Fig.  7.  given  elevation  of  the  other.  Let  nfLMOC  repre- 
sent a  cart  loaded  with  coals  or  lime,  or  any 
other  material  which  fills  it  to  the  top,  and  let 
%1B  be  a  horizontal  line  on  the  surface  of  a  le- 
vel road.  Tlien,  if  the  wheel  A  remain  fixed, 
and  the  wheel  C  be  raised  to  any  height,  its 
lower  extremity  C  will  describe  the  arch  BC 
round  tlie  centre  »4,  while  the  centre  of  gravity 
jD,  of  the  whole  machine  and  load,  will  move 
in  the  arch  %N*M  round  the  same  centre.  Now 
let  us  suppose  that  BC  is  an  eminence  which 
the  wheel  C  has  to  surmount,  and  that  it  has 
arrived  at  the  top  of  it,  it  is  required  to  find 
what  proportion  of  the  load  is  sustained  by  each 
wheel.  Bisect  the  horizontal  line  JIB  in  e^ 
and  from  c  draw  ed  at  right  angles  to  e2/j,  and 
meeting  the  arch  JV\11  in  the  point  ch  join  •iC, 
Ady  AJ),  and  from  the  point  i)  let  fall  the  per- 
pendicular JJE.  The  point  d  will  be  the  cen- 
tre of  gravity  of  the  load  vvhen  the  points  C  and 
B  coincide  ;  that  is,  when  the  wheels  are  rest- 
ing on  the  horizontal  plane  Ah.  For,  since  in 
this  case  each  Avheel  bears  an  eciual  part  of  the 
weight,  the  line  of  direction,  in  a  vertical  line 
passing  through  the  centre  of  gravity,  will  cut 
the  base  JlB^  so  that  Ae  will  be  to  eB  as  the 
weight  upon  the  wheel  A  to  the  weight  upon 

•  Mr.  Fcrp^ison  observe  s  (vol.  i.)  th.-t  t!if;  wheel  which  falla 
into  the  rut  bears  inuch  more  o\  ihe  wi'i;^ht  San  the  otiier;  and« 
a  little  afterwards,  tlat  it  bears  most  o/the  weight  of  the  load. 
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weight  upon  the  Avhcel  A  to  the  weight  upon 
C ;  and,  therefore,  ed  Mill  be  the  line  of  direc- 
tion, and  the  point  d  where  it  ents  the  circle 
•V.iy  in  which  the  centre  of  gravity  moves,  will 
he  the  centre  of  gravity  of  the  load  in  a  hori- 
zontal position.  Now  as  I)  is  the  centre  of 
gra\ity  when  the  cart  is  in  its  inclined  position, 
the  porpon<licular  JDR  Avill  he  the  line  of  di- 
rection, and  the  weight  sustained  by  the  wheel 
A  will  he  to  that  sustained  by  C  as  EB  to  ii\5, 
or  Ke  Avill  represent  the  additicmal  weight 
transferred  upon  Ay  when  AB  represcuits  the 
whole  of  the  load.  But  Ec  can  be  easily  de- 
termined for  any  value  of  liC.  the  height  of  the  * 
obstacle.  For,  while  the  point  C  moves  from 
JBto  C,  the  centre  of  graviiy  rises  fiom  d  to  Z?, 
so  that  I)d  and  liC  are  similar  arches,  and  AHj 
%idj  JiCy  arc  known,  AH  being  the  distance 
between  the  Avheels,  and  Ad  being  equal  to 
the  square-root  of  the  sum  of  the  squares  of  Aey 
the  half  of  that  distance,  and  do  the  hei2;ht  of 
the  centre  of  gravity  (Eucl.  1,  47)^  and  liC  he* 
ing  the  height  of  the  eminence.  But  since  de, 
the  sine  of  the  arch  dJS\  is  known,  dJ\*h  known, 
and  also  JK\\  the  sum  of  the  two  arches,  Ddj 
dJS\  The  cosines  AE^  Ae^  of  the  arches  X>sV, 
dJ\'\  are  therefore  known,  and  consequently -E^, 
their  difference  may  be  determined  ;  or,  other- 
wise, Eo  is  the  diirerence  of  the  versed  sines 
E^W  eA'\  of  the  same  arclies.  Let  us  now  take 
a  particular  value  of  7iC,  or  rather  of  Co^  the 
peipc  mlicular  heis;htbf  the  eminence,  and  call 
it  I'C  inches,  for  even  in  the  worst  roads  there 
are  few  eminences  which  are  greater  than  this* 
Let  .4//,  the  distance  between  the  wheels,  be  6 
feet,  and  rfr,  the  height  of  the  centre  of  gravi- 
ty, i  feet,  then  Co  will  be,-J  of  the  radius  ABj 
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and  makins  »2B=1000000.  CO  will  be  166666, 
ivhicli,  beiiig  tlie  natur<al  sine  of  the  ai*ch  JBCT, 
•nves  9^^  35' for  the  arcli  BC^  and  for  the  simi- 
hir  arcli  /A/.     Now,  since  Ac  is  3  feet,  and 
de  4?  feet,  the  sum  of  their  sijuares  Avill  be  25, 
and  its  square-root  5  will  be  the  length  of  the 
hypothenusc  Jld.  or  the  radias  of  the  circle 
A7A1/.  Then,  making  Ad  radius,  or  1000000, 
dp  the  sine  of  the  arch  d.X  will  be  J  of  it,  or 
800000 ;  and,  therefore,  the  arch  rf./V  will  be 
fi3°  8',  and  the  arch  D.\%  6;3^  43'.     But  AE, 
the  cosine  of  the  arch  1)J\\  is=158391=or  -^f,^ 
nearly,  ofAJ)=^  feet,  and  is  therefore  equal  to 
'2  feet  3  inches  and  (5  tenths;  consequently JEp 
=:Ae — AJE  will  be  8  inches  and  4?  tenths,  which 
is  nearly  *  of  *i /A     We  may,  therefore,  con- 
clude that  the  additional  Aveight  sustained  by 
the  wheel  .4,  while  the  other  Avheel   is  rising 
over  an  obstacle  i3  inches  in  perpendicular 
height  is  |  only  of  the  whole  load  ;  or  that  |  of 
the  pressure  upon  the  wheel  C  is  transferred  to, 
the  wheel  .if,  while  surmounting  an  eminence 
±2  inches  high.     If  one  of  the  wheels  fall  into    • 
a  rut  i2  inches  dcej),  the  same  conclusion  Avill 
result;  and  we  may  allirm,  tliat  as  the  ruts  and 
eminences  which  are  generally  to  be  met  with   . 
ftven  in  bad  roads,  are  for  the  most  part  much 
less  than  12.  inches  in  depth  or  height,  such  a 
small  proportion  of  the  load  will  be  transferred 
to  the  lov/er  wheel,  that  there  is  no  necessity 
for  inclining  the  spokes  in  order  to  sustain  the 
additional  weight.     When  the  cart  is  loaded 
with  stones,  or  any  heavy  substance,  the  centre 
of  gravity  will  be  lower  than  rf,  so  that  a  les* 
proportion  of  the  Aveight  Avill  be  transferred  to 
one  Avheel  by  the  elevation  of  the  other,  and 
when  it  is  loaded  with  hay,  or  any  light  mate- 
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vial,  the  lower  wheel  will  susi<iiu  a  greater  pro-  '*'*t'''- 
portion  of  the  load.  xxxviii. 

We  shall  noAv  dismifss  the  subject  of  concave 
wheels  Avith  one  observation  more,  and  we  beg 
the  reader's  attention  to  it,  liccause  it  appears  to 
be  decisive  of  the  question.  The  obstacles  which 
carriages  have  to  encounter,  are  almost  never 
spherical  protuberances,  that  permit  the  elevat- 
cd  wheel  to  resume  by  degrees  its  horizontal  po- 
sition. They  are  generally  of  such  a  nature,  that 
the  wheel  is  instantaneously  [irecipitated  from 
their  top  to  the  level  ground.  Now  the  momen- 
tum M'ith  which  the  wheel  strikes  the  ground 
is  very  great,  arising  from  a  successive  accu- 
mulation of  force.  The  velocity  of  the  wheel 
C  is  considerable  when  it  reaches  the  top  of  the 
eminence,  and  while  it  is  tumbling  into  the  ho- 
rizontal line  «1jB,  the  centre  of  gravity  is  fall-Fiff.?'. 
ing  through  the  arch  />rf,  and  the  wheel  C  is 
receiving  gradually  that  proportion  of  the  load 
which  Avas  transferred  to  .4,  till,  having  recov- 
ered the  Avhole,  it  impinges  against  the  ground 
with  great  velocity  and  force.  But  in  concave 
wheels,  the  spoke  which  then  strikes  the  ground 
is  in  its  weakest  position ;  and,  therefore,  much 
more  liable  to  be  broken  by  the  impetus  of  the 
fall,  than  the  spokes  of  the  lower  wheel  by  tlm 
mere  transference  of  additional  weight.  Where- 
as,  if  the  spokes  be  perpendicular  to  the  nave, 
they  receive  this  sudden  shock  in  their  strong- 
est position,  and  arc  in  no  danger  of  giving 
way  to  the  strain. 

In  the  preceding  observations,  we  have  sup-  ii^.e 
posed  the  rims  of  the  wheels  to  be  cylindrical, 
as  tflC,  liJ).     In  concave  wheels,  however,  the 
rims  are  unin»rmly  m:ul(»  of  a  conical  form,  a^^ 
Jlvj  Bsj  which  not  only  iuereast^s  the  disadvau- 
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ta;;es  that  wc  have  ascrihed  to  them,  hut  addn 
many  more  to  the  numl)tT.  Mr.  Cnmmino;,  in 
a  late  treatisi^  on  wlieel-earriages,  soh»ly  devo- 
ted to  the  ronsidc' ration  of  this  sin;L;lc  point, 
has  shown  with  j;reai  a!»ility  the  diJiadvautages 
of  conical  rims,  and  the  propriety  of  making 
them  rylindricjil ;  but  we  are  f>f  opinion  that 
he  has  aserihod  to  conical  rims  several  disad- 
vantasres  which  arise  chiettv  from  an  inclina- 
ticm  of  the  spokes.  Uv  insists  much  upon  the 
injury  done  to  t!ic  roads  by  the  u«5e  o(  conical 
rims,  vet  tlionirh  we  are  convinced  that  theyaro 
more  injurious  topavemeuis  and  highways  than 
cylindrical  rims,  we  are  ecpially  convinced,  that 
tiiis  injury  is  occasioned  chiefly  hy  (he  oblique 
pressure  f*f  the  inclined  spokes.  The  defects 
of  conical  rims  are  so  numeious  and  palpable 
that,  it  is  wonderful  liov/  ihey  shoubl  have  been 
so  Ions;  overlooked.  ICvery  cone  that  is  put  iu 
motion  u|)()n  a  phine  surf:iee,  will  rev(dve  round 
lis  vertex,  and  if  force  be  emph>yed  to  contine 
it  ?o  a  ::hi«i:';";.(  line,  tiie  smaller  parts  id'  the 
cuiM?  wiii  lie  clr.v:;"-e(l  alnnir  Ihejjround,  and  the 
frielion  i-rveriy  iiie.-eased.  Now  v.hen  a  cart 
JUDVes  upon  conical  v/heeis,  one  p.irt  of  the 
•  one  rol-M  while  iU*^.  other  is  drau;i:;ed  alon^, 
:jnd  lho]i:;I:  eotn'Iriejl  to  a  r(M*ti!s!ieal  direction 

Ijv  externnl  force,  tli»:  ir  naliiral  teiuh'nev  to  re- 
••  • 

voh  e.  jiMind  their  vertex  oceasion^s  a  i:;real  and 
continued  JViction  uj,0:i  the  linch-pin,  the  shoul- 
drr  of  theaxle-tiee,  aufl  the  side^of  deep  ruts. 
The  shaj)e  of  tiie  win  els  bein:!;  thus  deter- 
mined, W(!  mu^i  ufiw  attend  in  some  particuhir 
parts  <»!'  tin  ir  cfjnsirurlion.  The  irciu  plates  of 
Avhieli  tl»e  riiiis  an.  eo:ripo*ed,  should  never  be 
less  tiiHii  'i  ineh'^s  iis  breadlh,  as  narrower  rims 
ffiuV  deep  i:ili»  iiv*  gr'anid,  au*l  therefore  injure 
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«  _  

the  road.s  and  fatigue  the  horses.    Mr.  Walker  , 

indeed  attempts  to  throw  ridicule  upon  the  act 
of  parliament  Aviiich  enjoined  the  use  of  broad 
wheels,  hut  he  does  not  assign  any  sufficient 
reason  for  his  opinion,  and  ought  to  have  knoyvn 
that  several  excellent  and  well-devised  experi- 
ments wore  lately  instituted  hy  Boulard  and 
AIari;ueron,*  which  evinced  in  tlie  most  satis- 
factory  manner^  the  great  utility  of  broad 
wheels.  Upon  this  subject  an  observation  oc- 
curs to  us  which  has  not  been  generally  attend- 
ed to,  and  whicli  appears  to  remove  all  the  ob- 
jecti(ms  Avhich  can  be  urged  against  broad  rims. 
When  any  load  is  supported  upon  two  points 
in  a  horizontal  plane,  each  point  supports  one 
half  of  tlie  weiglit ;  if  the  points  be  increased 
to  four,  each  will  sustain  one  fourth  of  the  load, 
and  so  on,  the  pressure  upon  each  point  of  sup- 
port diminishing  as  the  number  of  points  in- 
creases. If  a  weight,  therefore,  be  supported 
by  a  broad  surface,  the  points  of  support  arc 
infinite  in  number,  and  eacii  of  them  will  beai* 
an  infinitely  small  portion  of  the  load;  nnd,  in 
the  same  way,  every  finite  portion  of  this  sur  ^ 

face  will  sustain  a  part  of  the  weight  inversely,. 
proporli(UuiI  to  the  number  of  similar  portion<r 
which  the  surface  contains.  Let  us  now  sup. 
pose  thatacnri,  carrying  a  load  of  16  lumdred 
wei.i;lit,  is  supi'iorted  upon  wheels  whose  riai.-. 
are  f(uir  inches  in  breadtii,  and  that  one  of  the. 
w  heels  passes  over  four  stones,  each  of  them  an 
inch  broad  and  equally  high,  and  capable  oi  * 

being  pulverized  only  by  a  pressure  of  400 
weight.    Then,  as  each  w  heel  sustains  one  half 

•  Tfir  mcmfiir  whicli  contains  an  account  of  these  cxpcrimenU, 
was  presented  t.)  the  Anadcmy  of  Lvdih,  and  is  published  iu  l!ic 
Jsnirnul  J;  i*h«b".'|!ir,  tmn  xix,  p. 'li'.l. 
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t  of  tlic  load,  fiiul  as  the  wheel  which  passes  over 

the  stones  has  I  pohits  of  support,  each  stone 
will  bear  a  weight  of  ^00  ])oui)ds,  and  therefore 
will  not  lie  broken.  Knl  if  the  same  cart,  with 
rims  only  2  inches  in  breadth,  should  pass  the 
bame  Avay,  it  will  cover  only  2  of  the  stones : 
and  the  wheel  having  now  only  2  points  of  sup- 
port, eacli  stone  will  be  pressed  with  a  weight 
of  400  pounds,  and  will  llierefore  be  reduced 
io  powfler.  Hence  we  may  infer,  that  narrow 
wheels  are,  in  another  point  of  view,  injuriouat 
Jo  the  roads,  by  pulverizing  the  materials  of 
which  they  are  composed. 

As  the  rims  of  wheels  Avear  soonest  at  their 
edges,  they  should  be  made  thinner  in  the  mid- 
dle, andouirlit  to  befiistened  to  the  fellies  with 
nails  of  such  a  kind,  that  their  heads  may  not 
rise  above  the  surface  of  the  rim.  In  some  mi- 
litary waggons,  we  have  seen  the  heads  of  these 
nails  rising  an  inch  above  the  rims,  which  not 
only  destroy  the  ptxvements  of  streets,  but  op- 
pose a  continual  resistance  io  the  motion  of  the 
wheel.     If  these  nails  were  8  in  number,  the 

^  wheel  Vvouid  experience  the  same  resistance  as 

if  it  had  to  surmount  8  obstacles,  1  inch  high, 
durinjr  everv  revolution.  The  fellies  on  whicli 
I  he  rims  are  fixed,  should,  in  carria:A'es.  be  S-i 
inches  deep;  and  in  waggons,  t  iuches.  The 
naves  should  be  thickest  at  the  place  whrre  the 
spokes  are  inserted,  and  the  holes  in  which  the 
spokes  are  placed  should  not  be  bored   ((iiite 

•  through,  as  the  grease  upon  tlie  axU  tree  v»'<mi14 

insinuate  itself  between  the  spoke  and  tlie  na  ve , 
and  prevent  that  close  adhesioti  which  \^.  nece^i  • 
sary  to  the  strength  of  the  wheel. 
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On  the  position  of  the  wheels. 

Jt  must  naturally  occur  to  every  person  re- 
flecting upon  this  subject,  that  the  axle-trees 
should  be  straight •  anil  the  wheels  perfectly 
parallel,  so  that  they  may  not  be  wider  at  their 
highest  tliaii  at  their  loAVcst  point,  whether  they 
be  of  a  conical  or  of  a  cylindrical  form.  In  this 
country,  however,  the  wheels  arcr always  made 
concave,  and  the  ends  of  the  axletrees  are  um- 
versally  bent  downwards  in  order  to  make  them 
spread  at  the  top  and  approach  nearer  below. — 
In  some  carriages  which  we  have  examined, 
the  wheels  were  only-*  feet  6  inches  in  diameter, 
the  distance  of  the  wheels  at  top  was  fully  (5  feet, 
and  their  distance  below  only  4  feet  8  iiiches. 
By  this  foolish  practice  the  very  advantages 
Miiich  may  be  derived  from  the  concavity  of  the 
wheels  are  completely  taken  away,  while  many 
of  the  disadvantages  remain ;  more  room  is  taken 
up  in  the  coach-house,  and  the  carriage  is  more 
liable  to  be  overturned  by  the  contraction  of  its 
base. 

With  some  mechanics  it  is  a  practice  to  bend 
the  ends  of  the  axle-trees  fonvards,  and  thus 
make  the  wheels  wider  behind  than  before. — 
This  blunder  has  been  strenuously  defended 
by  Mr.  Henry  Beighton,  who  maintains  that 
wheels  in  this  position  are  more  favourable  for 
turning,  since,  when  the  wheels  are  parallel, 
the  outermost  would  press  against  the  linchpin, 
and  the  innermost  would  rub  against  the  shoul- 
der of  the  axle-tree.  In  rectilineal  motions, 
however,  these  converging  wheels  engender  a 
great  deal  of  friction  both  on  the  axle  and  the 
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vxxvii  S"**^"^*^^?  •'^"^^  "^"*^*  tlicreforc  be  more  disadvau- 
'  '  ■  ta^oous  than  parallel  ones.  This  indeed  i.s  al- 
lowed  hy  Mr.  Beisrhlon:  but  lie  seems  to  found 
his  opinion  upon  this  prineiple,  that  as  the 
roads  are  seldom  straight  rnu's.  the  wheels 
should  be  more  adapted  forcur\iiineal  tliaii  for 
rectilineal  motion.  In  what  part  of  the  world 
]Mr.  lJeij;hton  has  examined  the  roads  we  can- 
not sav;  but  of  tliis  we  are  sure,  that  there  arc 
no  such  liexures  in  the  roads  of  Scotland, 


On  ihv  lino  of  lvacfiu)K  and  tiw  method  by  which 
hovses  exert  ilieir  airen^^ih. 

M.  (/limu'^.  a  gentlemnn  of  Lorraiu,  was  liit 
first  person  wlio  Irrau  d  on  the  line  of  traction.* 
fie  allenipied  to  sliow  that  it  sh(nil<!  lie,  a  hori- 
zontal line,  or  rather  that  it  should  always  he 
i>:nMllel  (o  Ihe  c;iuund  on  v»  hich  l!ie  carriaire  is 
moving;;.  !)(;{h  because  tin*  hor>«*  vi\u  exert  his 
greatot  stieni;/ih  in  ?!iis  cl[recti(»!u  jiinl  because 
the  line  of  dr:aiq;li(  biiui:;  ju'/juMidicuhir  to  the 
verlirnl  spoke  ofiiie  whcci.  uvb,  v.  \{\\  the  lari;;est 
])ossible  levi'v.  M.  ('oiiwli  t.  j"  hov»(  vcr.  consi- 
dering tliat  the  roads  are  nevri-  [icriri-tly  level, 
and  iluit  the  wheols  are  con^iantlv  ^urniounfini: 
small  eminences  even  in  ihe  best  n^ad.-.  recom- 
mends the  line  of  traction  to  Uv  oblique  to  the 
horizon.  By  this  means  thii  line  of  draiidit 
^*S'-      JIJ,  (which  is  by  far  too  much  inclined  in  ihc 

*  Tniilts  dcb  Forces  ?.Iouvanlei-,  p.  ocT. 

i  Uoncxions,  stir  Ic  tirafjc  dos  churvcnc--.  ^fcnv  \cnd   Rovih 
IT.V^,  iSvo.  pp.  37,  h'r 
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figure),  will  in  general  be  perpendieular  to  the  PtATs 
lever  *I(7  which  mounts  the  eminence^  and  will^^^^"^ 
therefore  act  witli  the  longest  lever  when  there 
is  the  greatest  necessity  for  it.  We  ought  Ui 
consider^  also^  that  when  a  horse  pulls  hanl 
against  any  load«  he  always  brings  his  breast 
nearer  the  ground,  and  therefore  it  follows,  that 
if  a  horizontal  line  of  traction  be  preferable  ti> 
all  others,  tiie  direction  of  the  traces  should  bo 
inclined  to  the  horizon  when  the  horse  is  at 
rest,  in  order  that  it  may  be  horizontal  when  he 
lowers  his  breast  and  exerts  his  utmost  force. 

The  particular  manner,  however,  in  which 
living  agents  exert  their  strength  against  great 
loads,  seems  to  have  been  unknown  both  to  Ca- 
mus  and  Couplet,  and  to  many  succeeding  wri- 
ters upon  this  subject.  It  is  to  M.  Deparcieux, 
an  excellent  philosopher  and  ingenious  mecha- 
nic,  that  we  are  indebted  for  the  only  accurate) 
information  with  which  we  are  furnished,  and 
"we  are  sorry  to  see,  that  philosophers  who 
flourished  after  him  have  overlooked  his  im- 
portant instructions.  In  his  memoir  on  the 
draught  of  horses,^  he  has  shown,  in  the  most 
satisfactory  manner,  that  animals  draw  by  their 
"weight,  and  not  by  the  force  of  their  muscles, 
111  four-footed  animals  tlie  hinder  feet  is  the 
fulcrum  of  the  lever  by  wliich  their  weight  acts 
against  the  load,  and  wiicn  the  animal  pulls 
liard,  it  depresses  its  chest,  and  thus  increases 
the  lever  of  its  weight,  and  diminishes  the  le- 
ver by  which  the  load  resists  its  eflbrts.  Thus, 
in  Fig.  5.  let  P  be  tlie  load,  I)Jl  the  line  of  fig  c. 
traction,  and  let  us  suppose  FC  to  be  the  hinder 

•  Siir  It*  Tira'fe  def  Chevmix,  published  in  *.hn  Mem  de  TAcad- 
Rcyalc,  17GC;,  -Uj,  p.  *6J,  8vo.  p.  275. 

vol..  ir.  V  u 
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leg  of  the  lioi^se,  AF  part  of  its  body,  J.  its 
chest  or  centre  of  gravity,  and  CIS  the  level 
road-  Tlien  AFC  will  represent  the  crooked 
lever  by  which  the  horse  acts,  which  is  equi- 
valent to  the  straight  one  dC.  Hut  when  the 
liorse's  weight  acts  downwards  at  •i,*  round  C 
as  a  centre,  so  as  to  drag  forward  the  rope  AJ) 
and  raise  the  load  P,  CE  will  represent  the 
power  of  the  lever  in  this  jiosition,  or  the  lever 
of  tlic  horse's  weight,  and  CF  the  lever  by 
wliich  it  is  resisted  by  the  load,  or  the  lever  of 
resistance.  Now,  if  tlie  horse  lowers  its  centre 
of  gravity  *4,  whicli  it  always  does  when  it 
pulls  liard,  it  is  evident  tliat  CE,  the  lever  of 
its  weight,  will  be  increased,  while  CjP'thc  le- 
ver of  its  resistance,  will  be  diminished,  for  the 
line  of  traction  AB  will  approach  nearer  to  CE^ 
Hence  we  may  sec  the  great  benefit  which  may 
be  derived  from  large  horses,  for  the  lever  AC 
necessarily  increases  with  their  size,  and  their 
power  is  always  proportioned  to  the  length  of 
this  lever,  tlieir  weii^ht  remaiuin:^  the  same. — 
Large  horses,  therefore,  and  other  animals  will 
draw  more  than  small  ones,  even  tlnnigh  they 
have  less  muscular  force  and  are  unable  to  cai*. 
ry  such  a  heavy  burden.  The  force  of  the  mus- 
cles tends  only  to  make  the  horse  carry  conti- 
nually forward  his  centre  of  gravity,  or,  in 
other  words,  the  weight  of  the  auimal  produces 
the  draught,  and  the  play  and  force  of  its  mus- 
cles serve  to  continue  it. t 

•  It  may  be  imafcinoil  that  the  fopc-tVct  of  tlio  horse  prevent 
it  from  actHi|jf  in  tliis  raanner ;  hut  Dtparcicux  has  shown  by  ex- 
periment that  tlie  forc-fcet  bear  a  much  less  part  of  the  horn's 
weight  wlicn  he  draws  than  when  he  is  at  rest. 

(■  When  I  first  compared  Deparcicux's  tlieory  with  the  manner 
in  which  horses  appear  to  exert  their  strength,  1  was  hiclined  to 
uUailect  its  accuracy:  biitacircuinj»tancc  occurred  which  reiiiov- 
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From  these  remarks,  then,  we  may  deduce 
the  proper  position  of  the  line  of  traction. — 
When  the  line  of  traction  is  horizontal^  as  JlD, 
th^  lever  of  resistance  is  CF;  but  if  this  line 
be  oblique  to  tlie  horizon^,  as  M^  the  lever  of 
resistance  is  diminished  to  6/,  while  the  lever 
of  the  horse*s  weight  remains  the  same.  Hence 
it  appears,  that  inclined  traces  arc  much  more 
advantageous  tlian  horizontal  ones,  as  they 
uniformly  diminish  the  resistance  to  be  over- 
come. Deparcieux,  however,  has  investigated 
experimentally  the  most  favourable  angle  of  in- 
clination, and  found,  tliat  when  the  angle  DAFj 
made  by  the  trace  My  and  a  horizontal  line  is 
14?  or  15  degrees,  the  horses  pulled  with  the 
greatest  facility  and  force.  This  vjilue  of  the 
angle  of  draught  will  require  the  height  of  tlie 
spring-tree  bar,  to  which  the  traces  are  attach- 
ed in  four-wheeled  carriages,  to  be  one  half  o{ 
the  height  of  that  part  of  the  horse's  breast  to 
that  witli  which  the  fore  end  of  the  traces  is 
connected.*- 

Notwithstanding  the  great  utility  of  inclined 
traces,  it  will  not  be  easy  to  derive  complete 
advantage  from  them  in  two-wheeled  carriages 
without  diminishini;  the  size  of  the  wheels.  In 
all  four-wheeled  carriages,howe ver,  they  may  be 
easily  employed ;  and  in  many  other  cases  where 
wheels  are  not  concerned,  great  advantage  may 
be  derived  from  tlic  discovery  of  Deparcieux. 

ctl  every  doubt  from  my  mind.  I  observed  a  horse  making"  con- 
tinual efforts  to  raise  ;i  heavy  load  over  an  eminence.  Aficr  many 
fruitless  attempts,  it  raised  its  fore-feet  completely  from  the 
ground,  pressed  down  its  head  and  chest,  and  instantly  sur- 
mounted the  obstacle. 

'  This  heij^ht  is  about  4  feet  6  inches,  and  therefore  the  height 
of  the  spring-tree  bar  f^hould  be  only  2  f'^ct  3  inches,  whereas  it 
is  g»'nprally  ;")  T'T* 


83S  JUechanics. 


On  the  position  of  the  centre  of  gravity,  and 
the  manner  of  disposing  the  load. 

From  ]Mr.  Fersnson's  observations  on  tljc 
rentre  of  gravity,*  if  must  be  evident,  that  if 
the  axletree  of  a  two-whcelcd  carriage  passes 
through  the  centre  of  gravity  of  the  load,  the 
carriage  will  be  in  equilihrio  in  every  position 
in  which  it  can  be  placed  with  respect  t<)  the 
axletree,  and  in  going  up  and  down  liilK  the 
whole  load  will  be  sustained  by  tlic  wheels, 
and  will  have  no  tendency  cither  to  press  the 
liorse  to  the  ground  or  to  raise  him  from  it  But 
if  the  centre  of  irravitv  be  far  above  the  axle- 
tree,  as  it  must  necessarily  be  according  to  the 
present  construction  of  wheel-carriages,  a  great 
part  of  the  load  will  he  thrown  on  the  I)ack  of 
the  horses  from  the  wlieels,  when  going  down 
a  steep  road,  and  thus  tend  to  accelerate  the 
motion  of  the  carriage,  which  M;e  animal  is  stri- 
ving to  prevent ;  while  in  fiscending  steep  road? 
a  part  of  the  load  will  be  thrown  Ijchind  the 
wheels,  and  tend  to  raise  the  horse  from  the 
ground,  when  there  is  the  i^reatest  necessitvfor 
^'ome  weiarlit  on  his  back,  to  enable  bim  to  fix 
}!is  feet  on  the  earth,  and  overcome  the  great 
resistance  which  is  occasioned  by  tlie  steep- 
ness of  the  road.  On  the  contrarv,  if  the  cen- 
fre  of  irravity  be  l)elow  the  axle,  the  horse  will 
he  pressed  to  the  ground  in  going  up  liill. 
and  lifted  from  it  wJien  i;oin^  down.  In  all 
tb.es-e  cases,  tlierefore,  when  the  centre  of  gra-. 

*  Vol.  i. 
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vity  is  either  in  the  axletree,  or  directly  above  p^ati:^ 
or  below  it,  the  horse  will  bear  no  part  of  the  ^^^^ 
load  on  level  ground.  In  some  situations  the 
animal  will  he  lifted  from  the  ground  when 
there  is  the  greatest  necessity  for  his  being 
pressed  to  it^  and  he  will  sometimes  bear  a 
great  proportion  of  the  load  when  he  should 
ratlier  be  relieved  from  it. 

Tlie  only  way  of  remedying  these  evils  is 
io  assign  such  a  position  to  the  centre  of  gra- 
vity, that  the  horse  may  bear  some  portion  of 
the  load  when  he  must  exert  great  force  against 
it,  that  is,  on  level  ground,  and  when  he  is 
ascending  steep  roads  ;  for  no  animal  can  pull 
with  its  greatest  effort,  unless  it  is  pressed  to 
the  ground.  Now,  this  may  in  some  measure 
be  effected  in  the  following  manner.  Let  //CtAT,  ti^.  5. 
be  the  wheel  of  a  cart,  «12>  one  of  the  shafts, 
J)  that  part  of  it  where  the  cart  is  suspended  on 
the  back  of  the  horse,  n,i\AA  theaxletree;  then 
if  the  centre  of  gravity  of  the  load  be  placed 
at  m,  a  point  equidistant  from  the  two  wheels, 
but  below  the  line  />«/i,  and  liefore  the  axletree, 
the  horse  will  liear  a  certain  weight  on  level 
ground,  a  greater  weight  when  he  is  going  up 
hill,  and  has  more  occasion  for  it,  and  a  less 
"weight  when  he  is  going  down  hill,  and  does 
not  require  to  be  pressed  to  the  ground.  All 
this  will  be  evident  from  the  figure,  when  we 
recollect  that  if  the  shaft  Ihi  be  horizontal,  the 
centre  of  gravity  \\\\\  press  more  upon  the  point 
of  suspension  1)  the  nearer  it  comes  to  it;  or 
the  pressure  upon  />,  or  the  horse's  back  will 
be  |u-o|Ku-tional  to  the  distance  of  the  centre  of 
gravity  from  t?.  If  /j/,  therefore,  be  the  centre 
€)f  gravity,  bA  will  rejiresenl  its  pressure  upon 
J),  when  the  shaft  DA  is  horizontal.     When    .  0 
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the  cart  is  ascending  a  steep  road,  AH  will  be 
the  position  of  tlie  sliafit,  the  centre  of  graWty 
will  be  raised  to  a,  and  aJ,  will  be  the  pressure 
upon  1).  But  if  the  cart  be  going  down  hill, 
AC  will  be  the  position  of  the  shaft,  the  centre 
of  gravity  will  be  depressed  to  n^  and  cA  will 
represent  the  pressure  upon  the  horse^s  back. 
The  weight  sustained  by  the  horse,  therefore, 
is  properly  regulated  by  placing  the  centime  of 
gravity  at  in.  We  have  still,  however,  to  de- 
termine the  proper  length  of  ha  and  6?f7.,  the 
distance  of  the  centre  of  gravity  from  the  axle, 
and  from  the  horizontal  line  DA;  but  as  these 
depend  upon  the  nature  and  inclination  of  the 
roads,  upon  the  length  of  the  shaft  DA,  wliich 
varies  with  the  size  of  the  horse,  on  the  mag- 
nitude of  the  load,  and  on  other  variable  cir- 
cumstances,  it  would  be  impossible  to  fix  their 
value.  If  the  load,  along  with  the  cart,  weigh 
400  pounds :  if  the  distance  DA  be  8  feet,  and 
if  the  liorse  should  bear  50  pounds  of  the  weight, 
thcMi  hA  ought  to  be  one  foot,  which  being  ^  of 
D^l^  will  make  the  pressure  upon  JD  exactly  50 
pounds.  If  the  road  slope  4-  inches  in  1  foot, 
bm  must  be  4  inches,  or  the  angle  bAm  should 
be  equal  to  the  inclination  of  the  ro.ad,  for  then 
the  point  ni  will  rise  to  a  when  ascending  such 
a  road,  and  will  press  with  its  greatest  force  on 
the  Iiack  of  the  horse. 

When  carts  are  not  constructed  in  this  man- 
ner, we  may,  in  some  degree,  obtain  the  same 
end  by  judiciously  dispobing  the  load.  Let  us 
suppose  that  the  centre  of  gravity  is  at  O  when 
the  cart  is  loaded  with  homojjreneous  materials, 
such  as  sand,  lime,  &c.  then  if  the  Joad  con»$ist 
of  heterogeneous  substances,  or  bodies  of  dif- 
H       ferent  weight,  we  should  place  the  lieaviest  al 
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the  bottom  and  nearest  the  fronts  ivliich  w^ill 
not  only  lower  tlie  point  Oy  but  will  bring  it 
forward^  and  nearer  the  proper  position  m. — 
Pail  of  the  load^  too^  might  be  suspended  be- 
low the  fore  part  of  the  carriage  in  dry  weath- 
er, as  the  centre  of  gravity  would  then  approaeli 
still  nearer  the  point  m.  When  the  point  m  is 
thus  depressed,  the  weight  on  the  horse  is  not 
only  judiciously  regulated,  but  the  cart  will  be 
prevented  from  overturning,  and  in  rugged 
roads  the  weis;ht  sustaine<l  bv  each  wheel  will 
be  in  a  great  degree  equalized. 

In  loading  four-wheeled  carnages,  great  care 
should  be  taken  not  to  throw  much  of  the  load 
upon  the  fore-wheels,  as  they  would  otherwise 
be  forced  deep  hito  the  ground,  and  require  gi*eat 
force  to  pull  them  forward ;  in  some  modern 
carriages  this  is  very  little  atteuded  to.  Tlie 
coachman*s  seat  is  sometimes  enlarged  so  as  to 
hold  two  persons,  and  all  tlie  baggage  is  gene- 
rally placed  iu  tlie  front  directly  above  tlic 
w  heels.  By  this  means  the  greatest  part  of  the 
load  is  upon  the  small  wheels,  and  the  draught 
becomes  doubly  severe  for  the  poor  animals  wh(» 
must  thus  unnecessarily  sufler  for  the  iicnoraTtc' 
and  folly  of  man. 
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On  the  TlirashiVg'Machine. 


IS  a  country  like  this,  >vliere  agriculture 
has  arrived  at  such  a  high  state  of  pei-fcction, 
the  utility  of  thrashing-machines  cannot  easily 
be  called  in  question.  The  universal  preva- 
lence of  these  engines  is  a  strong  proof  that 
they  are  advantageous  to  the  farmer ;  and, 
however  much  some  men  may  invcii^h  ai;ainst 
the  adoption  of  every  kind  of  machinery  tiiat 
has  for  its  object  the  abridgement  of  mauual 
labour,  yet  we  are  convinced,  that  no  evil  con- 
sequences can  possibly  accrue  from  their  intro- 
duction ;  and  that  such  insinuations  have  a  ten- 
dency to  inflame  tlie  minds  of  the  vulj;ar,  and 
retard  the  progress  of  science.  As  a  proof  of 
this,  we  might  menti<m  the  fate  of  the  celebra- 
ted Arkwright,  the  inventor  of  the  fly-shuttle, 
whom  the  fury  of  an  English  rabble  banished 
from  his  native  country. 

Tlie  thrashing-macliine  was  invented  in  Scot- 
land, in  17i>8,  after  five  year's  labour,  by  Mr. 
Micliael  Stirling,  a  farmer  in  Pertlishire.  The 
honour  of  this  invention  has  been  claimed  by 
Mr.  Andrew  Meikle^  an  ingenious  miU-wright 
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in  East  Lothian,  who  obtained  a  patent  for  one 
of  these  maehiue.s  about  the  year  17S5;  and  in 
this  country  his  claims  have  been  generally  ad- 
ihitted.  Mr.  Meikle,  however,  was  merely  au 
impniver  of  the  thrashing-raachine,  and  1  am 
assured  by  a  gentleman  of  the  most  unques- 
tionable authority,  who,  from  his  local  situa- 
tion, had  access  to  the  best  information,  that 
Mr.  Meikle  had  seen  Mr.  Stirlinsj's  tlirash- 
ing-machinc  before  he  erected  any  of  his  own, 
and  that  he  merely  altered  and  improved  il. — 
About  20  years  prior  to  the  date  of  Air.  Stirl- 
ing's invention,  a  thrashing-machine  was  con- 
structed in  Edinburgh  by  Mr.  Michael  JMen- 
zies,  which  operated  by  the  elevation  and  de- 
pression of  a  numl)er  of  flails,  by  means  of  the 
motion  of  a  crank  ;  and  in  1767?  the  model  of 
a  thrashing-mill,  invented  by  Mr,  Evois  of 
Yorkshire,  was  laid  before  the  Society  of  Arts 
in  London,  who  rewarded  the  inventor  with  a" 
premium  of  60  pounds.  This  machine,  which 
was  driven  by  wind,  consisted  of  a  number  of 
stampers,  that  beat  out  the  grain  when  laid  up- 
on a  moveable  thrashing-floor,  and  was  actual- 
ly used  on  a  large  scale  in  Yorkshire,  where  it 
received  the  approbation  of  several  intelligent 
gentlemen  of  the  county.*  All  these  machines, 
however,  and  others  of  a  similar  kind,  with 
•which  the  public  are  perpetually  harassed,  are 
completely  defective  in  principle,  and  are  great- 
ly inferior  to  the  worst  of  those  now  in  use, 
"wliicb  operate  by  the  revolution  of  a  thrashing- 
scutch  furnished  with  beaters — the  exclusive 
invention  of  our  countryman  Mr.  Stirling. 

*  n.ii lev's  Dr.iWinjrs  of  machines  laid  before  the  Society  of 
Arts.  \.ii*.  j,p.  5-1-- "^'j. 
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On  Ihvaskhit^'mills  driven  hj  water. 

I^^Yij  I^^  1^'n-  *•  *^^^  is  ^^  undershot  water- wheels 

Fig.  1.  which  drives  the.  macliinery.  On  its  axis  i? 
fixed  the  spuv-wheel  C7>,  furnished  with  150 
teeth,  wiiieh  impel  the  pinion  6,  containing  3S 
teeth.  On  the  axi3  H  of  the  pinion  h  is  placed 
another  wlieel  J&\  cavvyins;  72  teetli,  which  take 
inlo  the  to  leaves  of  the  pinion  c.  Tlie.  axle 
.ra%  of  the  thvashin::;-i^cntch  represented  more 
distinctly  in  Fii;'.  ft,  hy  //.ry,  is  fastened  upon 
the  same  axis  witli  the  pir;iou  Cy  and  is,  thei'e- 
fore,  carried  round  wilh  the  same  velocity. — 
Tlie  thrasliini:;-scutrh,  a  secti<m  of  which  may 
be  seen  in  Ki*;.  3.  is  }:;erierally  furnished  with 
four,  and  somelimes  wilh  a  Gireater  number  of 
healers  //,  //•  >vhose  surfaces  u^  Oj  are  covered 
with  iron  rounded  off  at  the  edj;es,  in  order  to 
ju'event  them  from  cutting  the  straw.  When 
these  beaters  strike  upwards,  tlie  scutch  must 
he  contaiiu'd  in  a  hollow  cvlinder  of  wood  ;«• 
•;?.,  so«that  tiie  tops  //,  //,  o,  o^  of  the  heaters  may 
be  above  it ;  in  which  case  the  scutch  is  called 
the  t/irashlii^^'-drnw^  IJut  when  the  beaters 
strike  downwards,  tliere  is  no  occasion  for  co- 
vering:; it  with  boards. 

Tlie  gudgeon  of  the  axis  //  carries  a  wheel  i 
of  irl  teetli,  which  acts  upon  tlie  wheel  h  with 
18  teeth;  on  the  axis  he  is  fixed  another  wiieel 
^,  with  17  teeth,  that  drives  the  crown->vheel 
rf,  furnished  with  3  rows  of  teetli,  13,  17,  and 
;3I,  which,  l)y  means  of  the  spindle  it,  gives 
motion  to  one  of  tlie  feeding-rollers,  not  visible 
in  Fig.  1.  but  represented  distinctly  by  IIR  iii 
Fig.  2.  On  the  axis  of  the  upper  feeding-roU 
ler  jRii;  is  placed  a  small  pinion,  which  drives 
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the  under  feeding-roller  by  acting  npon  anolher  jP**^*™ 
pinion  with  the  same  number  of  teeth  fixed  up-  ^^^  *' 
on  its  spindle.  The  two  feeding-rollers,  wiiicli 
arc  generally  3A  inches  in  diameter,  are  fluted^ 
or  cut  into  small  leaves  like  pinions,  so  that 
the  leaves  of  the  one  may  take  into  the  leaves 
of  the  other;  and  their  gudgeons  move  in  mor- 
tices of  such  a  nature,  that  the  upper  roller  may 
rise  in  its  frame,  and  the  under  one  remove  from 
the  beaters,  when  too  much  corn  is  admitted 
between  them.  In  order  that  the  velocity  of  the 
rollers  may  be  increased  and  diminished  at 
pleasure,  according  to  the  nature  of  the  corn 
to  be  thrashed,  the  wheel  c.  is  made  to  shift  on 
its  axis,  so  as  to  act  upon  any  of  the  3  rows  of 
teeth  in  tlie  crown-wlu».el  rf,  which  ennble  us  to 
communicate  three  different  degrees  of  velocity 
to  the  rollers. 

As  tlie  machinery  which  drives  the  straw- 
tihaker  interferes  in  Fig.  1.  with  that  which 
gives  motion  to  the  fluted  rollers,  it  will  be  seen 
in  Fig.  2.  which  is  a  plan  of  the  machine  where  Fig.  c. 
the  corresponding  parts  are  marked  by  similar 
letters.  The  wheels  ft,  jE,  c,  in  Fig.  1.  are  not 
represented  in  this  figure,  but  //  is  the  extre- 
mity of  the  axle  on  which  K  and  h  are  fixed. 
The  small  wheel  I  of  22  teeth,  fixed  upon  the 
extremity  of  tlie  gudgeon  /,  11  gives  motion  to 
m^  a  wheel  of  17  teeth,  w  hich,  by  the  interven- 
tion of  the  spindle  mn  and  w  heel  w,  of  21*  teeth, 
drives  o,  a  w-heel  currying  3-1  teeth.*     Ou  the 

*  The  dimenr.lons  of  the  thrash ingf -machines  here  dcscrihcd 
arc  cliicfly  taken  from  (iruy's  experienced  Mill-wrigljl,  u  book 
of  great  utility  in  a  manufactiinng'  country.  It  consists  chiefly 
4)f  pl:in5,  sections,  and  elevations,  of  different  machines,  which 
>he  uutlior  himself  lias  •■ither  creeled,  or  whose  construction  he 
has  immediately  superintended.  We  are  afraid,  however,  that  .Mr. 
ij.'ay  has  uol  rendcrtd  these  machines  sufficicntW  intdli^ihlc  to 
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^""'  same  axis  with  o  is  fixed  the  straw-shaker  J?jR> 
on  whose  cross  arms  are  fastened  tlic  rakes  zr, 
furnishi>d  with  a  number  of  iron  or  wooden 
teeth,  wliich  carry  off  the  slrav/,  while  the  grain 
falls  down  into  tlie  fanners.  Tlie  axis  of  these 
fanners  jf;(/,  Fig.  1.  is  pnt  in  motion  by  the  belt 
])p  passing  over  the  two  rollers  p^  j^.  A  sec- 
lion  of  the  straM'-shaker  is  shown  in  Fig.  4-. 
where  it*  is  i<s  axle.  :::,  z^  its  arms,  and  ?%  r, 
&:e.  the  teeth  fastened  at  the  extremity  of  these 
arms. 

Tliat  the  reader  may  have  a  distinct  idea  of 
the  thrashinsr-machiue,  we  have  calculated  the 
folhiwins;  table,  which  exhibits  the  number  of 
teeth  in  the  wheels,  and  the  velocity  of  its  dif- 
ferent parts.  It  is  scarcely  necessary  to  pre- 
mise, that  when  one  wheel  drives  anotlier,  the 
number  of  turns,  or  parts  of  a  tuin,  performed 
l)y  the  Avheel  which  is  driven,  is  represented 
by  a  fracthm  whose  iiunierator  is  the  number 
of  teeth  in  tlie  whoel  that  gives  the  motion,  and 
whose  denominntor  is  the  number  of  teeth  in 
the  wheel  whicJi  rec<"ives  it.  Thus  a  wheel 
with  Zo  teeth,  driven  nv  another  with  li^O,  will 
perform  '/i*  or  (5  revolutions  for  one  revolution 
of  the  impelling;  \\heel ;  aud  a  wheel  with  16 
teeth,  driven  l)y  a  piiiion  with  8  teeth,  will 
make  /g  or  ^  of  a  tu^-n,  for  one  revolution  of  the 
pinion.  \\'hen  two  or  more  wheels  are  upon 
the  same  axis,  they  all  peilorm  the  same  num- 
ber ot  revolutions,  Ijowever  different  be  their 
ma2;nitiide,  and  the  number  of  teeth  ;  thousrh 
the  velocities  of  tlieir  circumferences  may  bo 
>videly  diileient, 

'Mc  111^1  n.strurt».-(l  mcclmnir,  from  llic  frrrat  lircvlly  of  Iiis  descrip- 
tions;  aiul,  wv  hope,  if  In?  work  rcicli  a  Sfcond  edition,  as  \vq 
V-.'.ot  it  will,  Ll);.*.  liC  vill  tuke  udvunia^^e  of  this  frU-ndlv  hint. 
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In  the  following  table  wc  have  calculated 
merely  the  number  of  turns  made  by  each  wheel 
for  one  turn  of  llie  water-wliecl ;  but  when  the 
number  of  revolutions  performed  by  the  water- 
wheel  in  a  second  is  known^  we  have  only  to 
multiply  the  quantities  in  the  third  column  by 
this  number^  in  order  to  find  tlie  number  of 
turns  which  each  wheel  makes  in  the  same 
time. 
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Xiimhcr  of 

Xumbcr  of  tnrn<?. 

Names  of  the  wiiccls. 

icelh  in  each 

lJ>r  one  of  the  \va- 

wheel. 

ter-wlie»'l. 

)»hito\IJII.Fij!.l:uul2. 

lecih. 

Tunis.  Die. 

CJJ 

150 

1.000 

If 

25 

6.000 

E 

4  A 

0.000 

c 

±5 

28.800 

Thrashins;-scutch 

0 

28.000 

• 

7 

22 

6.000 

h 

18 

7.333 

e 

17 

7.333 

Fluted  1^ 
Rollers  [j 

13 

17 

21 

9.S31 
7.333 
5.940 

m 

17 

7.761 

11 

2-1. 

7.764 

0 

34 

5.'J79 

Straw-shaker 

0 

5.179 

The  working  parts  of  the  thrashing-machine 
being  thus  described,  the  manner  of  its  opera- 
tion will  be  easily  understood.  The  sheaves 
of  corn  are  spread  upon  an  inclined  board  O,  Fig.  2. 
called  the  feeding-board,  and  introduced  be- 
tween  the  fluted  rollers,  a  section  of  wliich  is 
distinctly  visible  at  ii,  in  Fig.  3.  of  Plate  XF^IV.  5:^^^^? 
The  corn  is  held  fast  by  these  rollers^  which  Fig.  3. 
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arc  only  about  three-quarters  of  an  iueh  from 
the  beaters^  wtiile  the  thrashing-drum  or  scutch 
revolving  witli  immense  rapidity  and  force,  se- 
parates tlie  grain  from  the  straw  by  tlie  repeat- 
ed strokes  of  the  beaters.  Part  of  the  grain 
falls  through  the  lieck  or  scarce  h%  into  a  large 
hopper,  which  conducts  it  to  tlie  fanners,  and 
some  of  it  is  carried  along  with  the  straw  into 
the  other  heck  rp^  where  it  falls  into  tlie  hop- 
[ler,  wliile  the  straw  is  cleared  away  by  the 
rakes  ;:,  of  tlie  straw-shaker,  and  thrown  out  at 
the  opening  np^  into  the  lower  part  of  the  bara. 
In  some  thrashing-machines  driven  by  water, 
the  motion  is  ctmveyed  to  the  tluasliing-scutch 
by  means  of  a  long  perpendicular  axis.  The 
lower  extremity  of  the  axis  is  furnished  with  a 
pinion,  which  is  driven  by  a  spur-wheel,  with 
teeth  j)er])endicular  to  its  plane,  placed  upott 
the  axis  of  the  water-wheel.  A  large  horizon- 
tal wlieel  is  fixed  on  the  top  of  this  long  axle, 
which  acts  uptm  a  pinion  fastened  upon  the 
axis  of  the  thrashing-drum. 

On  fhrashhi^-mnchlncs  driven  by  horses* 

Wherever  a  sufficient  ([uantity  of  water  can  be 
j)rocured,  it  should  always  be  employed  as  the 
impelling  power  of  thrashing-machines.  There 
are  many  situations,  however,  in  which  it  cannot 
be  obtained  ;  and,  as  the  erection  of  steam-en- 
gines and  wind-mills  would  be  too  expensive  for 
the  generality  of  farmers,  thev  are  under  the  ne- 
cessity  o{  having  recourse  to  animal  power.  In 
}^Y^y  Plate  XLi  V ,  Fig.  I .  is  represented  a  thrashing- 
t  it'  I.  machine,  w  iiich  may  be  driven  by  4  or  6  horses. 
To  the  vertical  axis**/,  six  strong  bars  ar'i  fixed, 
called  the  hors^i -poles,  1  of  which,  jP,  jR,  S^  L, 
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nro  visible  in  tlic  figure,  and  to  the  extremity  P/.^tb 
of  each  of  tliesc  poles,  2  pieces  of  wood,  like^^'^^ 
/)p,  are  attached,  to  which  the  horses  are  yok- 
ed whfin  the  machine  is  to  he  used.  Upon  the 
top  of  the  0  poles  is  placed  the  large  bevelled 
wheel  #7/?,  containing  370  teeth,  which  drives 
the  pinion  JiCy  of  40  teeth;  on  the  axle  JST  is 
also  iixed  the  wheel  />/>,  which  carries  84* 
teeth,  and  drives  the  pinion  ft,  of  21  teeth,  pla- 
ced upon  tlie  axle  bk\  Upon  the  same  axis, 
the  wheel  EE  revolves,  cariying  06  teeth, 
which  drive  the  pinion  c,  of  15  teeth,  and  con- 
sequently the  thrashing-drum  xx^  which  is  fix- 
ed upon  the  same  axle.  The  feeding-rollers 
are  driven  by  the  intervention  of  the  four  bev- 
elled wheels,  /,  A,  e^  (Z,  the  latter  of  which  is 
fastened  on  the  axis  of  the  upper  feeding-roller. 
The  Avhccl  /,  upon  the  gudgeon  ?ft,  contains  25 
teeth,  the  wheel  h  24  teeth,  e  22  teeth,  and  d 
21  teeth  ;  but  when  the  fluted  rollers  require  a 
greater  velocity,  e  is  taken  from  its  iron  axle, 
and  a  greater  or  less  wheel  substituted  in  its 
room.  The  short  axle  bk  is  furnished  with  a 
pulley  /?,  w  hich,  by  means  of  the  leathern  belt 
Pf?  gives  motion  to  the  fannei-s  placed  beloAV 
the  thrashing-scukli  and  straw-shaker. 

Fig.  2.  represents  apian  of  the  wheels,  thrash- 
ing-drum, and  straw-&haker,  where  the  corres- 
ponding parts  in  Fig.  1.  are  marked  witli  simi- 
lar letters.  The  small  wheels^  and  k,  however, 
which  convey  motion  to  the  straw-shaker,  are 
not  seen  in  the  first  figure.  The  largest  one  gf 
is  fixed  on  the  axis  JV*,  and  carries  38  teeth. — 
It  drives  /r,  which  contains  14  teeth,  and  is  pla- 
ced upon  the  axis  of  the  straw-shaker  KIC, 

An  elevation  of  the  working  parts  of  the 
machine  U  delineated  in  Fig.  3.  where  the  cor- 
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responding  parts  in  tlie  plan  and  section  buve 
the  same  letters  affixed  to  them.  The  sheaves 
of  corn  are  spread  on  the  feeding-board  o,  drawn 
in  by  the  rollers  2,  ?,  and  thrashed  by  the  beat- 
ers o^  c^  which  strike  downward.  Part  of  the 
corn  falls  through  the  heck  ir,  and  some  of  it 
is  carried  along  witli  the  straw  into  the  larger 
heck  rjjf  where  it  falls  into  the  hopper  below, 
while  the  straw  is  thrown  out  at  the  opening 
Tij).  The  drum  and  straw-shaker  are  surround- 
ed with  a  covering  of  wood  imn. — The  follow- 
ing table  exhibits,  at  one  view,  the  number  of 
teeth  in  the  w  heels,  and  the  different  velocities 
with  wliich  they  move. 


Xames  of  the  wheels. 

j>uniucr  oi 
turns  for  ont- 
of  the  whcfl. 

.Xuinbcr  of  teeth  in  each 
wlicel. 

Plate  XLIV,  Kip.  1,  3.4 

•|V..;li. 

1            Turns.  1X-c. 

.iB 

270 

1.000 

JiC 

40 

6.750 

DB 

8i 

C.750 

b 

2i 

23.625 

EE 

66 

23.625 

c 

15 

103.950 

TJivasliiiig-Scutcli, 

0 

103.950 

n* 

» 

38 

6.750 

k 

I'l' 

18.293 

Straw-Shaker, 

0 

18.293 

• 

25 

23.625 

h 

24 

21.617 

e 

23 

26.857 

d 

21 

28.199 

Fecdius-RoUers, 

0 

28.199 

In  situations  where  there  is  an  obcasional 
supply  of  water,  thrashing-machines  are  some- 
times constructed  so  as  to  be  diivcu  either  by 
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horses  or  water.  In  this  case,  the  water-wheel  p/*"^ 
has  the  position  LHn  Fig.  1 .  and  is  furnished " 
with  a  large  wheel  Gil,  consisting  of  segments 
of  cast  iron  firmly  fixed  to  the  arms  of  the  wa- 
ter-wheel. The  wheel  GH  drives  FG^  and 
thus  communicates  motion  to  the  horizontal 
shaft  eV,  and  the  restof  tlie  machinery.  When 
there  is  no  water  for  impelling  the  mill,  the 
water-wheel  L/l  is  either  lowered  in  its  frame^ 
or  one  of  the  segments  is  taken  from  the  wheel 
6r//,  in  order  to  keep  it  clear  of  the  Avheel  FG; 
and  when  there  is  a  sufiicient  discliarge  of  wa- 
ter, CB  is  either  raised  above  .JB,  or  AB  is 
deprived  of  a  few  teeth,  which  can  be  scrcAved 
and  unscrewed  at  pleasure.  Sometimes  when 
there  is  a  small  supply  of  water,  its  energy 
may  be  combined  with  the  exertion  of  one  or 
two  horses. 

If  the  thrashing-machine  is  to  be  driven  by 
wind,  the  motion  is  conveyed  to  the  axle  ^A^*,  by 
the  small  wheel  mC^  fixed  at  the  bottom  of  the 
vertical  axis  i?,  Mhich  is  mov'6d  by  the  wheel 
upon  the  windshaft.  If  the  mill  is  to  be  moved 
by  steam,  the  large  fly  must  be  fixed  on  the  ax- 
is tA*,  parallel  to  the  horizon. 

Fig.  4.  represents  a  thrnshing-machine  of  a  Fig.  4. 
very  simple  construction,  which  may  be  driven 
by  two  or  three  horses.  The  large, wheel  and 
pinion  corresponding  with  .21?,  and  BC,  in  Fig. 
4.  are  not  delineated  in  the  figure,  but  the  foi'- 
mer  contains  106,  and  the  latter  19  teeth.  On 
the  shaft  ..\*,  is  fastened  the  wheel  JPJD,  which 
carries  80  teeth^  and  drives  the  pinion  c  of  9 
teeth,  and  consequently  the  thrashing-drum 
which  is  fixed  on  its  axis.  The  straw- shaker 
is  turned  l>y  means  of  the  leatliern  belt  hi  pas- 
sing over  the  pulleys  h  and  ip  the  fluted  rollers 
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Platr  I)v  tlic  hell  A///,  and  the  iaiiiicrs  by  the  rop5 
dv. 

1  liavp  scMMi  a  tliraslniip;-niill  of  this  simple 
C(»nstnK'iioii  biilongin;;  to  Hercules  Jioss,  Ksc]. 
of  ltossii\  Avhirhwas  driven  by  (5  horses.  The 
lari;e  wheel  corresponding  Mith  %ili.  (Fig-  1.) 
had  1 44  teeth  :  and  the  pinion  eorrespondins; 
wilh  liC  had  11  teeth.  The  wheel  I)D  hail 
80  teeth,  and  the  pinion  r,  S.  The  straw-sha- 
ker and  lluled  roUer**  were  driven  by  bells, 
and  the  fanners  by  a  rope  j^iissiiiij;  over  agroovr. 
in  the  lar^*-  wheel  J)lf.  Tlie  thrashing-drura 
revolved  10-]  times  for  evvry  turn  of  the  liorses, 
w  Jiercas  the  drum  in  the  Ji^iclii^e,  represented 
in  Fig.  T).  performed  only  7i)  revohitions  in  the 
same  time.  In  tlic  first  cnse,  however,  the 
hor>e-walk  was  of  sueh  a  size,  tliat  the  hors^cs 
performed  onlv  3  turns  in  a  minute:  while  itt 
the  latter,  tlie  lu)rses  are  supposed  to  make  l 
in  a  minute.  The  velocity,  therefore,  of  the 
fornu^r  will  be  'lx79=-?lf'^  J^iid  the  velocity  of 
the  latter  .]>c  10-?=30th 

When  tlirashini;  mills  began  to  be  generally 
adopted  in  this  countrv.  thev  were  constructed 
arrording  to  the  jdan  represented  in  Fig.  5. — 
'['he  wheel  AH  has  ,i7('>  eoiis:  ft,  11  •  the  crown- 
wheel  r,  84,  rf,  lli.  The  ihrashinu;-drum  i« 
fixed  on  the  axis  miL  and  the  fanners,  straw- 
shaker,  and  fluted  rollers,  are  moved  by  leath- 
ern bells. 

A  thrashing  machine  for  small  farms,  which 
can  be  wrought  by  a  sin:]:le  horse,  has  loiii'  been 
a  desideratum  in  mechanics,  and  every  attempt 
to  construct  one  on  a  small  scale,  seems  to  have 
completely  failed.  While  examining  the  causes 
of  this  failure.  I  have  thouirht  of  some  metliods 
by  which  tiiey  may  be  partially  removed,  and 
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fvf  a  macbinc  which  might  he  impelled  hy  one 
hoi'se^  or  hy  two  or  three  men  working  at  a 
winch.  The  description  of  this  simple  engine 
I  expected  to  have  communicated  in  this  arti- 
cle ;  but  a  desire  to  improve  as  much  as  possi- 
ble^ has  induced  me  to  defer  its  publication  to 
some  future  opportunity. 

On  the  poiccr  of  thrashing-machines. 

The  quantity  of  corn  wiiich  a  machine  will 
thrash  in  a  given  time,  depends  so  much  upon 
the  judicious  formation  and  position  of  its  parts^ 
that  one  machine  will  often  perform  double  the 
work  of  another^  though  constructed  upon  the 
same  principles,  and  driven  l)y  the  same  impel- 
ling power.  Misled  by  this  circumstance,  thost*, 
who  have  given  an  account  of  the  power  of  their 
thrashing-mills,  have  published  merely  tho 
numl)er  of  bolls^  which  they  can  thrash  in  a 
given  time,  without  mentioning  the  quantity  of 
impelling  power,  or  the  number  of  horses  em- 
ployed to  drive  them.  , 

Mr.  jKenwick,  whose  labours  in  practical  me- 
chanics we  have  already  mentioned  with  com- 
mendation,  has  furnished  us  with  some  impor- 
tant information  upon  this  point,  ^j^e  found^ 
from  a  variety  of  experiments,  that  a  power  ca- 
pable of  raising  a  w  eight  of  1000  pounds  with  a 
velocity  of  15  feet  per  minute,  will  thrash  2  boll>5 
nf  w  beat  in  an  hour;  and  that  a  power  suiHcient 
to  raise  the  same  weight  with  a  velocity  of  2:2 
feet  per  minute,  will  thrash  3  bolls  of  the  same 
grain  iu  an  hour.  From  these  facts,  Mr.  Fen- 
wick  has  computed  the  following  table,  whicli 
is  applicable  to  machines  that  are  tkiveu  either 
by  water  or  by  horses. 
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Table  of  the  power  of  thrashing-machines. 


Gallons  of 

Gallons  of 

Gallon?  of 

Num- 

Bolls 

Bolls 

wau*r  pep 

water  per 

water  per 

ber  of 

of 

thrashed 

ininute,:ilc- 

ininute,alc-  ininute,alc- 

horses 

wheat 

in  9i 

measurc, 

moasure, 

measure, 

work- 

thrash- 

hours 

discharg-cd 

discharged 

discharged 

ing  9i 

ed  in 

actual 

on  an  over- 

on an  over- 

on an  over- 

hours. 

an 

working. 

shot  wheel 

shot  wheel 

shot  wheel 

hour. 

or  kn  a 

10  feet  in 

15  feet  in 

20  feet  in 

day. 

diameter. 

diameter. 

diameter. 

230 

160 

130 

1 

3 

19 

390 

296 

205 

2 

3 

284 

528 

380 

273 

3 

5 

4/4 

660 

470 

340 

4 

7 

66J 

790 

565 

400 

5 

9 

851 

970 

680 

500 

6 

10 

95 

1 

2 

3 

4 

'    5 

6 

The  four  first  columns  of  the  preceding  table 
contain  difTerent  quantities  of  impelling  power, 
and  the  two  last  exhibit  the  namber  of  bolls  of 
wheat  in  Winehester-moasure,  which  such  pow- 
ers are  capable  of  thrashing  in  an  hour^  or  in  a 
day.  Six  horses,  for  example,  are  capable  of 
thrashing  10  bolls  of  wheat  in  an  hour,  or  95 
in  the  sp|pe  of  9^  hours,  or  a  working  day ; 
and  680  gaUons  of  water  discharged  on  a  15 
feet  overshot  w  ater-wheel  during  a  minute  will 
thrash  the  same  quantity  of  grain- 
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ON  THE  COXSTRUCTION  AND  EFFECT  OF 

MACHINES.  *- 


By  Mr.  John  Lejslic^  Professor  of  Mathematics  in  the  Uni' 

versity  of  Edinburgh . 


l.IT  is  a  principle  in  statics,  tliat^  if  a  body 
act  upon  another  by  the  intervention  of  machi- 
nery^  an  equilibrium  will  obtain  when  their 
potential  velocities  are  reciprocally  as  their 
masses.  If  the  power  exerted  be  augmented 
beyond  what  is  barely  suiBcieut  to  maintain 
the  balance,  a  motion  will  immediately  com- 
mence, and  if  it  be  still  increased  the  velocity 
will  continually  increase.  But  this  velocity 
will  increase  in  a  smaller  ratio  than  the  power; 
and  there  will,  therefore,  be  a  certain  point  of 
augmentation,  at  which  the  force  employed  will 
produce  the  greatest  proportional  effect.   Such 


*  This  excellent  paper,  which  Professor  Leslie  was  so  kind 
to  communicate  to  the  editor,  was  written  at  London  so  early 
February  1790.  The  same  subject  was  afterwards  (in  1801)  treat- 
ed it  great  lenj^th  by  the  late  Dr.  Robison*  in  the  art.«Machinery^ 
Sup.  Encycl.  Britan. ;  and  we  do  not  conceive  that  we  arc  dero- 
gating in  the  least  from  the  talents  of  that  learned  and  f^ood  man, 
when  we  say,  tliat  the  prt-sent  paper  is  written  with  greater  per- 
spicuity, !ind  gives  a  more  elementary  and  connected  view  of 
Ibis  interesting  subject.  At  some  future  period  Mr.  Leslie  lu- 
tenda  to  resume  tlic  ixiTestigalion  of  this  aubject.  R.  Ep. 
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is  the  grand  object  that  we  ought  to  have  always 
in  view  in  the  construction  of  machines^ 

S.  Forces  liave  been  dividetl  into  two  kinds; 
those  whose  action  is  supposed  to  be  in^^tanta- 
TieouSj  and  those  whose  action  is  continued  and 
incessant.  The  former  have  bceu  termed  im- 
pulsive^  the  latter  accelerating  or  retarding. 
Though  accelerated  or  retarded  motions  perpe- 
tually occur  to  our  observation^  the  ancients 
seem  to  have  admitted  no  other  force  but  that 
of  impulsion.  It  is  difficulty  indeed,  to  conceive 
that  a  body  can  act  at  a  distance;  and  the  idea 
that  motion  is  always  communicated  by  contact^ 
is  one  of  our  earliest  and  strongest  prejudices. 
Sir  Isaac  NcAvton  himself  was  iu  this  instance 
carried  aAvay  by  the  cun*ent  of  opinion.  His 
theory  of  aether  was  an  attempt  to  explain  gra- 
vitation by  impulsive  forces. — But  there  are 
many  facts  and  experiments  which  satisfacto- 
rily prove,  that  between  the  particles  of  matter 
there  subsists  a  repulsion,  increasing  as  the 
distance  diminishes,  and  that  no  absolufr.  con- 
tact can  ever  take  place.  A  body  docs  not  ac- 
quire its  celerity  in  an  insiant.  Nothing  mate- 
rial can  exist  but  wlial  iajlnife;  and  tlie  beau- 
tiful law  of  continuatiouj  by  whicli  chaui-es  are 
produced  liy  imperceptible  shades,  can  never  be 
violated.  Kut  an  amazing  force  may  be  exerted, 
and  an  effect  niJiy  be  produced,  in  a  lime  so 
small  as  to  elude  the  acuteness  of  our  senses. 
Hence  the  origin  of  (mr  idea,  that  motion  is  de- 
rived from  impulse.  If,  however,  we  consider 
the  subject  with  more  attention,  we  shall  tiud 
that  it  is  really  as  difficult  to  conceive  action  in 
contiguity  as  at  a  distance.  In  neither  case  can 
we  deduce  the  consequences  a  priori.  The 
connexion  which  subsists  between  cause  and 
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eflfect  is  not  necessary  and  absolute*;  it  is  found- 
ed  npon  the  invariable  experience  of  our  senses. 
We  may,  therefore,  conclude,  that  there  is  only 
one  kind  of  force,  and  that  is  the  accelerating 
or  the  retarding.  Hence  it  will  always  be  pos- 
sible to  determine  the  proportional  intensity  of 
any  given  force,  compared  with  that  of  gravity, 
and  to  assign  a  weight,  which,  by  its  pressure 
alone,  would  in  a  given  time  produce  the  samo 
cflect. 

S.  If  the  gravity  of  an  elementary  point  at 
the  earth's  surface  be  denoted  by  1,  the  whole 
attractive  force  will  be  as  the  number  of  points, 
or  as  M,  the  mass  of  the  body.  Let  F  express 
the  intensity  of  another  force  urging  the  same 
body  ;  then  MxV  will  denote  the  quantity  of 

force  exerted,  or  * ;  but  — =^F ;  wherefore  the 

intensity  of  a  force  is  directly  as  its  quantity, 
and  inversely  as  the  mass  which  is  urged. 

4.  Let  V  =  the  velocity  of  a  body,  S  =  the 
space  described,  and  T  =  the  time  of  descrip- 
tion; the  velocity  that  is  acquired  may  be  con- 
ceived to  be  composed  of  all  the  successive 
augmentations  which  are  produced  by  the  con- 
tinued exertion  of  the  force,  and  which  are 
proportional  to  the  intensity  of  its  action.  But 
the  force  may  for  a  moment  be  conceived  to  be 
uniform ;  whence  the  increment  of  velocity  is 
compounded  of  the  force,  and  of  the  increment 
of  the  time,  or  F==Ft.  Suppose  the  force  to  be 
constant,  then  vz=:FT ;  and  when  the  time  is 

*  As  very  erroneous  notions*  respecting  the  connexion  between 
cause  and  effect,  seem  to  be  prevalent  in  tliis  country,  it  may  be 
proper  to  mention,  though  it  is  evident  from  the  context,  that 
Mr.  Lcblie  alludes  merely  to  physical  causes.  E.  Ed. 
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<;iiicn^  the  velocity  must  be  as  the  accelerating 
force.  Let  V^CFT,  and  V  and  T  denote  feet 
and  second?*  of  time.  When  F=l,  and  T=l, 
\ve  shall  have  V=C=z  the  velocity  acquired  by 
descent  at  tlic  surface  of  the  earth  at  the  end  of 
the  first  second.   Putd=l6.1  feot,  then  C=2rf; 

whence  r=2d  FT  and  T=^J,- 

5.  We  may  conceive  that  the  velocity  is  uni- 
form for  an  indefinitely  small  portion  of  time. 

Whence  iS-TTand  t=ii  hence  al.^o  T^=|; 

but,  by  the  last  arlirle,  rzz.2dFT^  consequently 
Vr=2d  F.si  from  which  equation  the  velocity 
may  be  doterjnined,  M'hen  the  i^elation  is  given 
between  the  accelerating  force  and  the  space  de- 
scribed. IX F  be  constant,  then  bv  integration, 
irV=2dFSixnil  V^-=MFS;  wliercfo!e  V=2^ 
dFS.     At  the  same  time,  because  r=2rfFy;  s 

^UFTt:  whence  S=2dxFT%  and  T=v'gJ, 

0.  We  may  divide  machines  into  two  sreneral 
kinds :  into  those  where  tlie  action  is  inlerriiptcd 
and  renewed  at  short  intervals,  and  into  those 
wliere  the  action  is  continued  for  a  certain  period. 
In  the  former,  the  efl'ect  of  friction  not  bavins: 
time  to  accumulate,  may  i^cnerailv  be  disre:j:ar- 
ded,  and  the  motion  may  be  considered  as  uni- 
formly accelerated.  With  regard  to  the  latter, 
if  a  machine  be  constructed  so  that  the  resistance 
is  great,  it  increases  rapidly  wiih  the  celerity :  it 
sooneounterbalances  tlieaccelcratini^  force,  and 
produces  a  motion  wiiich  is  i^i\i\A  and  constant. 

7.  liCi  us  ol)siract  tl>e  momenta  and  friction 
of  the  parts  of  communiratioii,  and  consider  the 
f^ffects  of  a  machine  Mhich  is  uniformly  impel- 
led.    Suppose  the  motion  of  a  power,  equal  to 
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the  gravity  of  the  mass  p,  be  connected  to  that 
of  a  weight  ?r,  so  that  the  potential  velocity  of 
tlie  former  be  constantly  to  that  of  the  latter  as 
V  :in  and  let  v  be  termed  the  advantage.  It  is 
manifest^  from  the  principles  of  statics^  that  a 

part  -  of  the  power  is  able  to  maintain  the  equi- 

libriiim^  and  that  the  remaining  part  p — "^  only 

is  employed  in  producing  the  motion.   But  the 

action  of  this  force  v — -  is  divided  between  the 

power  and  the  weight.  Put  y=  tlie  part  which 
urges  the  power,  and  z=  the  part  which  is  exert- 
ed against  the  weight.  But  (3)  the  intensity  of 
the  force  y,  which  impels  the  power,  is  denoted 

by  ^ ;  and  therefore  the  velocity  acquired  in  a 

given  time  is  (4)  also  ".    But  the  influence  of 

the  force  z  upon  the  weight,  will,  in  consequence 
of  the  mechanism,  be  equal  to  the  direct  action 
of  a  force  vz  ;  whence  the  velocity  acquired  by 

the  weight  in  the  same  time  will  be  ~.  Where- 
fore,  by  hypotliesis,  ^  \  —  : :  r  :  1;  consequently 
?.=!!l:and  y^"!^^.  But,  from  the  notation,  p — 
l^y+^  and  y=p—z—±,  or  P_l=LI=2!i ;  there- 
fore  '!-i!l=i^J!-i:r.:iily  and  reducing,  v^pz=zpvw 
— zvic — u-^,  and  transposing,  v^2)z — vicz-^ 
pi^u: — ir%  whence  5:==^'^^^=^,  consequently  the 

real  action  upon  the  weight,  or  rz=^-^^-, 

VOL.  II.  z  z 
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8.  Hence  the  iuteusity  of  tlie  force  which 
urges  the  weight,  or  F  is  1  (/L^:2!=^)  or  J!^=2L ; 

consequently  this  intensity  is  to  that  of  terres- 
trial attraction  as  pv — w  :  v^p+rv.  But  this  ac- 
tion is  unifoim ;  whence  (4)  V=S,dFTy  or  the 
actual  velocity  which  the  weight  acquires  in  its 

ascent  during  the  lime   T  is  2dT  (-t':=IiV 

Wherefore  S=2dTtxP^j  and  integrating, 
the  space  described  is  dT^  f^!zjL\ 

\j''' "  "7""'*' 

9.  AVhen  the  velocity  of  tlie  power  is  equal 
to  that  of  tlie  weight,  then  f=l  and  the  inten- 
sity of  action=:-tz^  or  1 —.     Whence  the 

effect  increases  more  slowly  than  the  power. 
Thus,  according  as  the  power  is  equal  to  the 
M'eight,  is  double,  triple,  or  quadruple,  &c.  the 
intensity  of  action  is  0,  4,  J,  ^,  ;f,  &c.  •  ,  and 
ultimately  =1.  The  comparative  intensity  is, 
therefore,  0,  J,  ^,  .^^,  ^\,  -.\,  ^\,  &c.  and  ulti- 
malely  =0.     If  jj=ic^  the  intensity  of  action  is 

lirz^  or  w  (.^riy     Suppose  the  advantage 

to  be  successively  1,  2,  3,  4,  f?,  kc.  then  the 
intensity  of  action  is  0,  ^.  j,  -j'y,  .?^,  --V,  ^Y«  ^c. 
and  ultimately  vanishing.  Both  these  series  com- 
mence at  zero^  increase,  become  stationary,  and 
then  continually  decrease,  till  they  vanisli.  lu  the 
present  case,  the  maximum  must  lie  between  the 
2d  and  3d  terms ;  for  these  arc  equal  in  both. 

10.  Since  the  intensity  of  action  produced 

by  the  power 7;  is  ^'^,  the  comparative  inten- 
sity,  or  the  effect  i)roduccd  by  a  given  force  1 , 
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will  be  =lx^^^  or     ^^^  .    This  quanti- 

ty  is,  tlicrefore,  the  proper  measure  of  eifect, 
aud  to  increase  it  must  be  our  great  object  in 
improving  the  machine. — Let  the  poAver  and 
weight  be  constant ;  to  find  the  value  off,  when 
the  comparative  intensity  of  action  is  a  maxi- 

mu?n.    By  takins;  the  fluxion  of-J^^^— ,  we 

•^  ^  p2v2^pvf^ 

obtain  /'^•r/-H>HM;-2/.y x.-^;^  p  ^^^^^^^ 

by  transposition  and  reduction,  p^v^-j^p^w=z 
Sp'r* — 2p^7vv^  or  2^^^^ +'^=^P^^ — S^rr,  and 
transposing,  pv^ — 22rf=2£?,  and  dividing,  v* — 

—  I?  =  -,    and  resolving  the  quadratic,  v  -  = 

^  (a+ztO  ^''*  ^'  =  7^  +  ^  (/i+z;^)^  ^^-  ^  = 

'ro+^C-^i^-h'i'Pj^   Ifence,  according  as  the  weisht 

is  equal  to  the  power,  is  double,  triple,  or  quat- 
druple,  &c.  tlie  advantage  ought  to  be  l+v^S, 
3+v6,  3+V/13,  4+V/20,  5+^/30,  6+v/43,  &c. 
11.  When  w  is  very  large  compared  with  jp, 

the  expression  ^^±^0"^+"^  is  nearly  H'l  +  {. 

In  most  cases,  it  will  be  sufficiently  accurate  to 
suppose  v=-- ;  and  hence,  in  order  that  a  ma- 

chine  may  produce  the  greatest  possible  effect, 
without  increasing  the  power  applied,  the  ad^ 
vantage  wliich  would  procure  an  equilibrium 
ought  to  be  at  least  doubled.  Substituting  this 
value  in  the  formulae  in  art.  9,  we  obtain  Vz=z2dT 

13.  If  the  true  value  of  r,  or  !^^^Cl^l+!i/^  1 
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be  substituted  in  those  formulae,  vvc  shall  ob- 
tain V=2d2)T  /  x/(;--^+^^2   and  S 

=  d  j)  T  =    ( ^Czlst2!:lL2 .    Whence, 

^vhen  the  power  is  equal  to  the  weight,  the 
greatest  intensify  is  —P^^  or  ->/^""\  or  about 

one  fifth  of  the  force  of  gravity.  If  w  be  sup* 
posed  to  be  successively=2j>,  3/;,  4;?,  &c.  the 

intensity  of  action  will  be  ^^^—,    fsrS^u' 

— i^22 — ,    — "^Jl — ,  &c.  nearly  enual  to  i, 

tV^  iV^  ^\j  ^^-  derived  from  the  expressions  in 
the  last  article.  If  the  weight  be  great  in  re- 
spect of  the  power,  the  intensity  of  action  will 

be  nearly   ^ 3^i^ •    or   v  (-^±l!J) 

Hence,  the  other  formulai  w  ill  be  found  ;   I  = 

2rfT   /-^/^e^     and     S  ^  dT^^  x-''^'^^'" . 

Wherefore,  in  a  machine  constructed  in  the 
best  manner,  the  accelerating  force  which  im- 
pels the  weight  never  amounts  to  one  fourth  of 
the  gravity  of  the  power. 

13.  Let  the  weisrht  and  advantasrc  be 
given,  and  it  he  required  to  find  the  power, 
vhen  the  measure  of  eflect  or  comparative 
intensity  of  action  is  a  maximum.     Suppose  jp 

H^  be  ^'arial)le  in  the  expresssion  -J!!l"z!l_  of  art, 
tO;  and  taking  the  fluxion,  we  shall  have 
.^_^  _^i y.  _    0;    whence 

}rv'~i~]jvir=(^^j)v-^2rj  fjw — wj,  and  reduc- 
ing, V  7^  - +virp=:2v  7;  ^  +j)V2c — 2v  -  wjj — ?r  %  and 
transposing,  c\p' — iv'^irjjzzw^.  and  dividing, 
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^2 — 2w  p  __w2    ^^^    resolving   the    quadratic, 

y—.  =^  (-3  +  ^)  a"'!  i'=  7.  +^  (^.+7y)- 

llcncc  if  the  advantage  be  1,  2,  3,  %  5,  ^V.  tlie 
power  ought  to  be  w  (l+v-)?  i(^  (I+n/^)^  ^^ 

14.  If  r  be  large,  the  value  of /;  will  be  nenY- 
ly  =  ?3i+-2^,  or  -2:-(l+-L),  or,  in  general  =5!f 

nearly;  that  is,  the  power  sufficient  to  maintain 
an  equilibrium,  must  at  least  be  doubled  to  pro- 
duce a  maximum  eflect.  Substituting  the  prox- 
imate value  of  jp  in  art.  8,  we  shall  havel=2rfT 

( — -i — 7-^,—. ,  or  JMT  ( -— --T_-  ).      Hence 

al90^=rfT^r-l^±L). 

15.  Since,   by   the  last  article,    v=^-^'.+^.. 

nearly,  reducing  and  transposing,  4i?*j>=8?rr4- 
%w^  and  dividing,  'y- — £li'.r=~,  and  resolving 

the    quadratic,     Me    obtain    i^=!^+v/(^!+^V 

OP  f=?Zii+4:  nearlv.     Substitutins:  this  value  of 

v  in  the  above  formultc,  Me  shall  obtain  in 
terms  of  'p^   after  proper  reductions,   V=.2dT 

But  when  v  is  large,  these  formula?  will  be  ex- 
pressed with  sufficient  accuracy  thus,  V^'S,dT 

(±)and«=dT'(A> 

16.  Let   the   true   value   of  jp    or   -  +v' 
/7r«^Tr2x  jj^  substituted,  and  we  shall  obtain 
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V=MT  ( — N/r«';'»+^J  and  Sf=dT' 
x/r«'»^+"-^--' .     If  jf^i   and  D  be  dc- 

noted  by  1,  2,  3,  -i,  5,  Sfr.  the  corresponding 
absolute   intensity  will   be  .^^^^  ?  or  ^2 — 1, 

6+v/24'     12-1-^/108^     20-fv^32o'     3U+v^76li*      ^    ' 

17-  If  the  accurate  value  of  p  be  substituted 
in  the  expression  -/'^"^  for  the  comparative  in- 
tensity we  obtain  1  G  ^.M2  /^.'^"^-V  .^i^x  > 

Suppose  26-=  1  and  w  success! vely=l,  S,  3, 4, 5, 
§'6'.    then   the  measure  of  the  eflect  will  be 

v/2 3— a/8  \/24 

y/lOS  ^/3U0 v/75Q 

24+v/432+^l2'     40-1-^  1280+ v/20^     70+^^3000+ v^2i 

&c.  Let  i;  be  a  large  number,  tlie  proxi- 
mate  measure  of  the  effect  will    then  be  = 

0 '—,x  and  this  expres- 

->r+2+^r+l  +  l+.j^,      Hi-+8+r  ^ 

sion  will  1)0.  ultimaiely  ~  [.  AVherefore,  com- 
parinp;  iliis  rrsult  with  tliai  in  art.  1 ::,  it  appears 
that,  in  whatever  way  the  u:aximnin  be  procur- 
ed, the  force  whirli  impels  the  wei,2;hf  can  never 
amount  to  one  fourtli  part  of  the  direct  action  of 
tlie  power. 

18.  Hitherto  we  have  not  taken  into  account 
the  force  expanded  iu  impressini:;  motion  upon 
the  parts  of  (he  machine  which  connect  the 
power  aud  wei^lit.  Let  u.  ft,  r,  (/,  &c.  denote 
the  massics  nf  tlie  commuuioating  paits^  and  let 
*«/5',;,'^,  &c.  be  proi*ortional  to  their  corres- 
l^ouding  velocities,  and  (^  to  that  of  the  weight. 
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It  is  obvious^  that  the  momentum  of  the  part  a 
is  equal  to  the  momentum  of  the  mass  ^  :     la 

the  same  manner,  the  momentum  of  6,  c,  d^ 
•   &c.  will  be  equal  to  that  of  the  quantities  of 

matter  ^,    12,    fLf,  &c.  moving  with  the  ccle- 

rity  of  the  weight  to  be  raised.  But  from  the 
permanency  of  the  construction,  these  quan- 
tities are  constant.  Whence  the  total  quan- 
tity of  motion  is  the  same  with  that  of  a  mass 
a.^h:i+c^+,u^  which  is  given.     Let  it  be  equal 

to  qj  and  supposing,  as  before,  the  power  ^p 
and  the  weight  =?r,  the  whole  mass,  on  which 
the  celerity  of  the  weight  to  be  raised  must  be 
Impressed,  will  be  denoted  by  ic^q. 

19.  It  is  obvious  that  -  is  still  that  liart  of 

the  power  which  is  suflBcient  to  maintain  the 
equilibrium,  and  that  the  motion  is  produced 

by  the  remaining  part  p — -   or  i!:^!::^.    This 

accelerating  force  maybe  resolved  into  .r,  which 
is  exerted  against  the  compound  weight  w+q^ 

and  ^.^!=^—x,  or  /^^-^^-ii^    which  acts  directly 

V  V 

I 

upon  the  power  p.  But  the  velocity  generat- 
ed in  a  given  time  is  (5)  as  the  intensity  of 
the  force  divided  by  the  mass.  The  velocity 
of  the  power,  therefore,  will  be  denoted  by 

p       ^  V  ^  V 

tion  of  tlie  force  x^  which  urges  the  compound 
weight,  is,  in  consequence  of  the  mechanism, 
equal  to  the  direct  action  of  vx.  Whence  the 
celerity  acquired  in  the  same  time  will  be  ex- 
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pressed  liv  ---.     Therefore,  from  the  condi- 

•'    -..-4-7 

tious  of  the  motion  ^l^!^^-^""""  :  :  1  :  r :  ecu- 
scqueutly  -il  =tl':illz2f',  and  reducing,  yi?'+ 

^ivr  X  ?n\r  =  przr — ic^ +pqv — ^/r,  and  divid- 
ing*  .1^  =  fnnj—jim^'^Jiy    or   r/>t— -^'j  r»-+7.^ 

Whence  rcr,  the  real  force  exerted  upon  the 
componnd  weisrht,  is  =L^"ilr ':'  VjfiizJ.     The  iu- 

tensity    of    force    is,     therefore,    =  — £!!r:2L- 

Hence  we  shall  o1)tain  expressions  for  the  space 
described  and  the  velocity  of  description.    For 

SO.     Since    the    intensity    of   action    is    = 
ll'-zji'^.    the    measure    of   effect   will    be  = 


— fH'jz!.': Supposing:  p  to  be  variable,  and 

takinj:;  the  lliixion,  we  shall  obtain,  when  the 
cllcrt  is  a  nuixiuuitHj 

Whence  irv^  -f  ;;/^r  +  ^zri"'  =  fftpv-  +  Q  +  ^("J 
fyv — w  J  =  2;/-r^  +  ;?(yr  +  incv — ^pc-w  =  qw 
• — /r,     and    traiispusini;,     ^;-r^ — 2pv*ic  =  oo? 

+/r%  and  dividini;,  ;r — ?:!:.2>=!^'ip-',  and  re- 
sol  ving    the    quadratic,    p=-+^^f~-^  +!i^+^::  ^ 
If  V  ho  larj^C;  the  vahic  of  p  will  be  nearly 
~-f-  ,+  — ,•     Whence  in  macliines,  where  the 
advantage  is  ijreat,  we  may  disregard  the  mo- 
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Inenta  of  the  connecting  parts^  and  consider  p^^atb 
the  force  which  ought  to  be  employed  as  dou-  ^^^ ' 
ble  of  what  is  barely  able  to  maintain  the  equi- 
librium. 

21.  In  our  investigations,  we  have  always 
supposed  that  the  same  accelerating  force  is 
uniformly  exerted.  But  instances  frequently 
occur,  where  the  power  applied  increases  or 
diminishes  during  the  action  of  the  machine. 
This  variation  may  be  aflected  by  numberless 
circumstances,  and  the  general  hypothetical 
fiolutlon  of  the  problem  would  involve  tedious 
and  complicated  formulae.  We  shall  content 
ourselves  with  a  familiar  example.  Suppose 
that  a  weight  P  is  attached  to  one  of  the  ex- 
tremities of  a  rope,  WJIFB^  of  equal  and  uni- Fij^.4. 
form  texture,  and  applied  to  the  circumference 
of  a  wheel,  and  to  the  other  extremity  a  smal- 
ler weight  W  is  appended.* 

It  is  manifest,  that  P  will  at  first  descend 
solely  by  its  excess  of  weight ;  but  its  exertion 
will  be  continually  increased,  from  the  addi- 
tion of  the  portion  of  the  rope  JSP,  while  the 
antagonist  power  W  suffers  an  equal  diminu- 
tion. 


•  A  machine,  conslnictcd  upon  this  principle,  is  actujilly  em- 
ployed in  some  coal-works.  P  is  a  light  capacious  bucket,  /I' an- 
other tlvat  IS  stron}^  and  inussy.  When  both  are  empty,  fFdefl- 
ccndit  and  elevates  P/  IV  is  then  loaded  with  coals,  and,  at  the 
same  time,  a  coLk  is  opened  which  fills  P  with  water.  P  then 
descends,  by  its  s'iperior  weight,  and  raises  the  load.  But  when 
it  n  ;tchos  \\\c  bottom  of  the  pit,  it  pushes  up  a  valve,  the  water 
is  discliargcd,  and  the  action  of  the  machine  is  renewed. 
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^'^         SS.  It  will  be  proper  to  take  into  aeeonnt 
^'       the  momentum  of  the  wheel.    Let  it  be  sup- 
posed to  be  solid  and  homogeneoas^  and  liil 
the  radius  of  the  whole  •lC=r^  and  of  the  Ta- 

>^ff-  3.  ^  riable  circle  CDz=.x,  and  let  ^=6.28S£ ;  then 
the  minute  annulus  DEde  is  equal  to  the  rect- 
angle of  its  length  and  its  breadth^  or  ^xi ; 
but  the  velocity  is  directly  at  the  distance  from    ^' 
the  centre  of  motion ;  whence  the  momentuni  -^ 

of  the  annulus  will  be  equal  to  that  of  — '  ^ 

itpplied  at  JL.    And  since^,^^— ^=^,  the  mo* 

mentum  of  the  whole  matter  of  the  wheel  isr 
equal  to  the  momentum  of  a  quantity  of  matter 

—  or  ~y  having  the  velocity  of  the  point  JL 

But  ^=area  or  .A  and  ^=|^/ and  hence  the 

momentum  of  the  wheel  will  be  the  same^  if  $ 
of  its  matter  were  collected  and  accumulated 
at  its  circumference. 

23.  Now  let  us  denote  the  Weight  to  bcf 
Mdsed^  together  with  that  of  the  rope  and  |  of 
the  wheel,  p  =  the  power  applied,  h  =  the 
length  of  the  rope,  or  the  whole  height  of  as* 
cent,  a  =  the  weight  of  the  rope,  and  6  =  |  of 
the  weight  of  the  wheel,  and  x  =  the  space 
through  whic^  the  ascent  is  already  made. 

The  force  applied  is  therefore  ss  p+—  and  the 
Iresistance  opposed  =  w — b — —,  consequently    \ 
the  accelerating  force,   which  must  be  the 


i 
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difliBrence  of  these^  is  =:  p+b — ic+?^,  or 
th+ik^+2ax^  2^^  ^j^.g  ^^g^  bediffused  through 

ihe  whole  mass  w+p;  wherefore  the  intensity 
of  action  is  =  M+>a-w.+2«x^    It  ^.^g  shown, 

in    art.    5,    that    Fr=Srfx^^^^±^^^=?^^±^ 

wd  integrating,  4  F*  =  i8rfx^5:^±^.^~t^5 
consequently  r=  8  y/  rf  ^/-^^+&^"^^+«^^  \ . 

hence  the  final  velocity  is=2v'^Av'(^^±^=^  V 

24.  Let  the  power  applied  be  equal  to  the 
whole  weight  of  the  rope,  and  suppose  that  no- 
thing is  appended  to  the  other;  then  if  the 
momentum  of  the  wheel  be  disregarded,  the 

final  velocity  will  be  =2v^rffexv'^  ov  x/2dh. 

But  the  velocity  which  a  body  would  acquire 
by  descending  through  the  same  space,  if  en- 
tirely disengaged,    is  x/  Mh ;  its  velocity  is, 

therefore,  to  that  of  the  former,  as  1 :  \/  S, 

•  ■ 

25,  It  was  shown  in  art.  5,  that  7*=  pj 
whence,   from  the  formulse  in  art.  S3;    T=: 


JC 


V^^x^-ij^xa.x^-^i±^Nar),    or  mul. 

tiplying   the   numerator  and   denominator  by 
y  Q±^^y  we  shall   obtain,    t  =  ^  x 
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\    «    /  ph-^bh—tch     \    Put 


r 

^fxi  X^ — X« 

fph+ith\ 


pk+hh^^h  ^   ^  .    ^^^^    t   =   V     (^^)   K 
^'\        '  wherefore  T  =  v^^!^  x 

S6,    To  find  the  fluent  of  -r^-?-; \f  pwt 

^^a?*+waV=a:+5;;  then,  a7*+n,r=a;*+!a2;a:+2;* 
and  n.v^2zx+z^}  and  transposing,  7z.r — %zx=z 

»^f  and  dividing,  a7=-i^,  and  taking  the  fluxi- 

on,  X.  =  Hf^£^r!£>t!^,  or  4^-=^.  But 
x/^("x^+nxJ=iX+z,  or  substituting  the  value  of 
07,  V  r^r^+w.r;  =  -4-  +  ;??,  or  -:^^,    or 

reducing    =    '-^^^y  whence   the   expression 

-77^-—, — r   =  --;.— ^— _-    divided    by  ._— j 

pr-iA^-.    The  fluent  of  -ii-  is  C— Hyperbolic 

Logarithm,  n — Zz.  To  find  the  cocrectionif 
suppose  2z=o  ;  in  f his  case  the  fiueut  vanishes^ 
and  C=Hyp.  Log.  w  ;  whence  the  true  fluent 
is  Hyp.  Log  .w— Hyp.  Log.  n — 2;r,  or  Hyp. 

Log,  -^.  But  zz:z^fx''+nxJ—Xj  and  substi. 
Anting  the  fluent,  is  Hyp.  Los.,-^^:^^;^^,-^;^ 


h 
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To  procure  a  more  convenient  expresssioUj 
multiply  the  numerator  and  denominator  by 
n+Sa^-^^&^Cx'+nxJ ;  tlien  we  have  Hyp. 
j^g^      nr«+ar+yr-'»+'"-J^    or    Hyp.    Log. 

Hi2^±Vi2!±!!5=>,  and  resuming  the  value  of  «, 

ph-\'hh — vfh  ph+bh-'ioh 

a  a 


a 
or  by  redaction,  T=v-^,-x//,  L, 

/»/*+ A  A  — ty/i 

When  x  =  hf  M'c  obtain  for  the  whole  time 
of  the  performance    T=^^(j!!±^)  x  H,  L, 

^^p-\.b^ra+2^0i^+°P+"^^^     The  value  of  p. 

wheii  the  comparative  quantity  of  action  is  a 
maxxmiim^  may  also  be  determined,  but  it  will 
|)e  involved  in  a  transcendant  equation. 

27.  When  the  resistance  of  the  parts  of  a 
machine  is  inconsiderable,  we  perceive  from 
all  these  investigations  the  importance  of  con- 
tinuing tlie  action.  The  successive  impulses 
are  retained  and  accumulated,  and  the  per- 
formance constantly  increases.  The  whole 
quantity  of  action,  produced  by  the  machine^ 
is  not  in  the  simple  ratio  of  the  time  of  conti- 
.liuance,  but  in  that  of  the  square. 

38,  When  we  attempt  to  take  the  resistance 
of  the  moving  parts  of  the  machine  into  the  ac- 
count, we  have  great  difficulties  to  encoanter. 
Friction  is  affected  by  numberless  circumstau-r 
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ces ;  by  the  nature  of  the  substances  employed 
in  the  construction  ;  by  their  form ;  by  the  de- 
gree of  polish ;  l)y  their  velocity,  &c.  Nor  is 
it  probable  that  its  quantity  can  be  derived  fronk 
general  principles ;  it  must  often  be  determined 
from  the  individual  case,  and  can  never  be  ac- 
curately ascertained.  Friction  may  be  consi- 
dered as  a  continually  retarding  force.  It  may 
therefore  be  compared  with  that  of  gravity,  and 
its  cflect  may  be  estimated  from  that  of  a  coun- 
teracting weight.  The  mass  of  tlie  connecting 
parts,  and  their  friction,  both  contribute  to  di- 
minish the  celerity  of  the  motion ;  but  they  pro- 
duce this  retardation  in  diftercut  ways.  The 
momentum  which  must  be  impressed  upon  the 
connecting  parts  of  the  machine  requires  a  great- 
er diffusion  of  power,  and  thus  diniiuislies  in 
some  degree  its  effect.  Friction  does  not  alter 
the  general  mass,  but  reduces  the  quantity  of 
accelerating  force,  and  consequently  the  inten- 
sity of  its  action.  If  the  quantity  of  friction 
were  equal  and  constant,  it  is  obvious,  that  if 
the  moving  power  exceed  it,  the  motion  would 
be  perpetually  accelerated.  But  this  is  very 
far  from  the  fact;  for  all  the  motions  with  which 
we  are  acquainted  tend  to  a  uniform  celerity, 
and  in  a  certain  time  would  actually  attain  it. 
We  may  therefore  conclude,  that  in  the  same 
machine,  the  friction  increases  in  a  certain  ratio 
with  the  velocity.  The  great  desideratum  in 
mechanics  is  to  determine  the  law  of  progres- 
sion, and  our  deductions  upon  this  subject  must 
be  considered  as  merely  hypothetical. 

S9.  Suppose,  as  before,  w  =  the  weight  to 
be  raised  ;  q  =  the  mass,  which,  if  attached  to 
the  weight,  would  have  the  momentum  of  the 
connecting  parts ;  //  =  the  power  employed  j 
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V  s  the  advantage  ;  and  let  the  friction  be  cqiial 
to  9y  some  function  of  the  celerity  of  the  weight. 
Because  the  moving  parts  of  the  machine  re- 
main the  same  as  before^  it  is  manifest  that 
the  intensity  of  action  will  be  proportioned  to 
the   quantity  of  accelerating  force;   whence 


y  —  '^  :  p  —  --  —  <p  or  pv — w  :  pv — w — w<p  :  : 

^^^     :  f^^"^   the  true  force  which  con- 

stantly  acts  upon  the  weight.  Whence,  if  the 
quantity  v<p  be  less  than  pv — Wj  the  motion 
will  be  accelerated;  if  vf  be  greater  than 
pv — w,  the  motion  will  be  retarded.  In  the 
natural  progress  of  motion,  the  celerity  at  first 
increases,  or  v^  constantly  approaches  to  an 
equality  with  the  constant  quantity  j9i; — tCj  and 
ivhen  this  equality  takes  place,  the  velocity 
is  perfectly  uniform.     Hence  the  final  celerity 

may  be  determined  from  the  equation  <^=:^i^i=?'« 

Tims,  if  we  suppose  that  the  friction  increases 
in  the  simple  ratio  of  the  velocity,  then  in  F= 

iSz2f  or  F=^:!^=^.  If  <p=mF^,  then  V=(^^:=rY^ 

30.  We  may  neglect  the  performance  which 
is  made  during  the  first  acceleration  of  motion 
as  inconsiderable,  when  compared  with  the 
whole.  The  quantity  of  action  will  therefore 
be  as  V;  and  if  the  power  affects  the  friction 
only  by  altering  the  velocity,  the  comparative 

action  will  be  denoted  by  ^;  whence  the  per- 
formance  will  be  a  maximum,  when  pVz=zVp. 
If,  as  before,  .^mV^:;  then  (^/"x  ^x  P 
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-  p  (^),  and  reducing  ^=^^  and  nvp 

^pv — iCy  and  trausposing,  ir=pv — pvn^  and 
dividing,  jirr—lL-.    Or  put  ?,  the  power  which 

would  barely  maintain  au  equilibrium  =  :r  j  theii 
2'  =  tX- — • 


31.  The  law  of  the  increase  of  velocity  at 
first  may  also  be  ascertained.  For  (art  4.) 
the  time  corresponding  to  the  velocity  F  is  = 

j^,^  and  in  the  present  case  T=  >^.l  x^I^^tfl? 

X  r.  As  f  is  a  function  of  V^  the  fluent  may 
idways  be  expressed  at  least  by  an  infinite  se« 
ries.  These  formuls  might  also  be  applied  to 
rectilineal  motions  performed  in  resisting  me* 
dia  ;  but  this  would  rather  be  a  digression  from 
the  subject. 
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Descr/jJtion  of  a  fiimple  ami  powerful  Capstans. 


THIS  capslane  is  represonled  in  Fig.  1.  Vlxth 
Plate  XLV,  ^vhere  JlJ)  is  a  compound  barrel,  pj'l^j 
cousistins;  of  two  cylinders  CJ)  of  different  ra- 
diL  The  rope  DKC  is  fixed  at  the  extremity 
of  the  c^ylinder  />,  and  after  passing  over  the 
pulley  Kj  Avhlch  is  attached  to  the  load  by 
means  of  the  hook  F^  it  is  coiled  round  the 
other  cylinder  C,  and  fastened  at  its  upper 
end.  JIB  is  the  bar  by  which  the  compound 
barrel  CD  is  urged  about  its  axis,  so  that  the 
rope  may  coil  rcmnd  tlie  cylinder  D,  while  it 
unwinds  itself  from  the  cylinder  C.  Let  us 
now  suppose  that  the  diameter  of  the  part  2>  of 
the  barrel  is  21  inches,  while  the  diameter  of 
the  part  C  is  only  20,  and  let  the  pulley  E  be 
20  inches  in  diameter.  It  is  evident  then  that 
when  the  barrel  AD  is  urged  round  by  a  pres- 
sure exerted  at  the  ])oint  jB,  63  inches  of  rope 
will  be  gathered  upon  tlie  cylinder  2>,  and  60 
inches  will  be  unwinded  from  the  cylinder  C 
by  one  revolution  of  the  bar  •/2B,  these  numbers 
representing  the  circumference  of  each  cylin- 
der. The  quantity  of  wound  rope,  therefore^ 
VOL.  n.  3  B 
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oxcccmIs  <1ic  fpiantity  Ihat  is  unwound  by  63 — 
(50,  or  3  inclicH,  the  (lilliTonee  of  Iheir  respect- 
ive pcrinicfers  :  and  the  half  of  this  quantity, 
or  1  j  inch  will  he  the  space  througli  which  the 
load  or  the  pulley  K  moves  by  one  turn  of  the 
bar.  But  if  a  simple  capstane  of  f he  same  di- 
mensions liad  been  emidoyecK  the  lensrth  of 
rope  coiled  round  the  barrel  by  one  revolution 
of  the  bar  would  have  been  fiO  inches,  and  the 
space  described  by  tlie  pulley  or  load  to  be 
overcome  would  have  been  ;3()  inches.  Now, 
it  is  a  maxim  in  mechaiiics.  that  the  power  of 
any  eui^ine  is  universally  ecpial  to  the  velocity 
t>f  Mie  im])clled  point  divided  by  the  velocity  of 
the  working  point,  or  to  the  velocity  of  the 
power  divided  bv  the  velocity  of  the  weight, 
that  is,  to  the  velocity  of  the  point  H  tlivicled 
by  the  velocity  of  the  pulley  K  :  consequently 
if  the  lever  in  both  capstanes  be  the  same,  and 
ihe  diameter  of  their  barrels  ecjual,  the  power 
of  the  common  one  will  be  to  the  power  of  the 
im[u*oved  one  as  1^  to  30,  that  is,  inversely  as 
the  velocity  of  their  weii^hts,  and  the  power  of 
the  latter  will  be  ^^^=:20,  or  in  other  words, 
will  be  equivalent  to  a  20  f(dd  tackle  of  pul- 
leys.* If  it  be  wished  to  double  the  power  of 
the  machine,  we  have  oidy  to  cover  the  cylin- 
der C  w  ith  laths  a  cpiarter  of  an  inch  thick,  so 
that  the  diflerenre  between  the  radii  of  each 
cylinder  may  be  half  as  little  as  before ;  for 
the  ])ower  of  the  capstane  increases  as  the  dif- 
ference between  the  radii  of  the  cylinders  is 
diminished.    As  we  increase  the  power^  there- 

*  In  practice  it  wiU  be  found  equivalent  to  a  26  fold  tackle  of 
pulleys,  as  about  out:  third  of  llie  p»)Wer  of  a  system  of  pullevs  Is 
ii'.stroycd  by  friciion  and  ibe  benjing"  of  the  ropi's. 
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fore,  we  increase  the  strength  of  our  machine, 
while  all  other  engines  are  proportionably  en- 
feebled by  an  augmentation  of  power.  Were 
we,  for  example,  to  increase  the  power  of  the 
common  capstane,  we  must  diminish  the  barrel 
in  the  same  proportion,  supposing  the  bar  or 
handspike  not  to  admit  of  being  lengthened, 
and  we  not  only  weaken  ils  si  rength,  but  destroy 
much  of  its  power  by  a  greater  ilexure  or  bend- 
ing of  the  ropes. 

The  reader  will  perceive  that  this  capstane 
may  be  converted  into  a  crane  or  windhiss  for 
raising  weights,  merely  by  giving  the  compound 
])arreU47i  a  horizontal  position,  and  substituting 
a  winch  instead  of  the  bar  •lli.  The  superiori- 
ty of  such  a  crane  above  the  common  ones  is 
obvious  from  what  has  been  said ;  but  it  has 
this  additional  advanta«:e,  that  it  allows  the 
weight  to  stop  at  any  part  of  its  progress, 
without  the  aid  of  a  ratchet  wheel  and  catch, 
from  the  two  parts  of  the  rope  pulling  on  con- 
trary sides  of  the  barrel.  The  rope,  indeed, 
which  coils  round  the  larger  part  of  the  barrel 
acts  with  a  larger  lever,  and  consequently  with 
greater  force  than  the  other  ;  but  as  this  excess 
of  force  is  not  sufficient  to  overcome  the  frie- 
trion  of  the  gudgeons,  tlie  weight  remains  sta- 
tionary in  any  part  of  its  path. 

A  crane  of  this  kind  was  erected  in  1797  at 
Bordenton  in  New-Jersey  by  Mr.  M'Kean  for 
the  purpose  of  raising  logs  of  wood  to  the  frame 
of  a  saw  mill,  which  was  10  feet  distant  from  the 
ground.  The  diameter  of  the  largest  rvlinder 
was  2  feet,  and  its  length  3  feet ;  the  other  cy- 
linder was  1  foot  in  diameter,  and  of  the  same 
length  M  ith  the  largest.  Tlie  diflerence  of  their 


87*  Mechamcs. 

circumferences,  tlierefore,  was  3  feet,  and  the 
log  would  move  tlirougli  a  space  of  18  inches 
with  1  turn  of  the  IianiJspike ;  and  throup;h  the 
required  heie;ht  with  only  8  turns.  The  length 
of  the  bar  or  handspike  was  6  feet,  w  hich,  at 
the  point  where  the  power  w«is  applied,  de- 
scribed a  circle  of  about  30  feet,  so  that  the 
power  of  the  crane  was  as  1  to  2iO.  The  length 
of  the  rope  was  only  r)5  feet,  whereas,  if  the 
weight  had  been  raised  through  tlu*.  same  height 
with  a  similar  power  by  means  of  a  tackle  of 
pulleys,  270  feet  of  rope  must  have  been  em- 
ployed. In  the  Inttcr  case,  however,  the  rope 
sustains  only  ^^  of  the  weight,  but  in  the  for- 
mer it  supports  one  half  of  the  load. 

In  describing  a  capstanc  of  this  kind.  Dr. 
Rol)ison  asserts,^-  that  when  the  diameters  of 
the  cylinders  which  compose  the  double  barrel 
are  as  10  to  17?  Jnid  their  circumferences  as  \% 
to  ill,  tlie  pulley  is  brought  nearer  to  the  cap- 
stane  by  about  3  indues  for  eacli  revolution  of 
the  bar.  Tiiis,  however,  is  a  mistake,  as  the 
pulley  is  l)rought  only  i  ]  iiu»1i  nearer  the  axis. 
Tiiis  will  be  evident,,  if  we  conceive  a  quanti- 
ty of  ropi*  ecjuiil  to  the  circMimfenMjce  of  tbe 
larger  cylindi^r  to  l)e  winded  up  all  at  once, 
and  a  quauiity  equ«l  to  the  circnmference  of 
the  lesser  (uie  to  be  uu winded  all  at  once.  In 
the  present  cjise,  ;"?1  inches  of  rope  will  be 
coiled  r«Miud  the  birger  part  of  the  barrel  by 
on(*  revolution  of  ib.e  ca[)s(ane  b?H\  and  cousc- 
quenOy  the  load  would  be  raised  ti:-)"-^  tVrt,  the 
rope  l)ciiig  doi-.blod.  Let  18  inches  of  rope  be 
now  uuwiuded  from  the  lesser  cylinder,  and 

*  rj-.ryclf^ptrdla  li.'iUr.n'ca  Su:)j>l'jrii'jr.t  An.  M.^-'ir  mt.  vol 
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the  load  will  sink  24  ffcet ;  therefore,  25  J — 24 
=1  j  foot  is  the  whole  height  or  distance  through 
which  the  weight  ha$  heen  moved. 

Dr.  Rohison  affirms  that  the  capstane  now  de- 
Kcrihed  was  invented  by  an  untaught  but  ingeni 
ous  country  tradesman.  It  appears,  however, 
to  be  the  invention  of  the  celebrated  George 
Kckhardt^  and  likewise  that  of  the  late  Mr. 
Kobert  M^Kean,  of  Philadelphia,  sou  to  the 
present  governor  of  Pennsylvania. 
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•d  Mechanical  Method  of  finding  the  Centre  of 

Gravity, 

AS  it  is  frequently  necessary  in  mechani- 
cal operations  to  find  the  centre  of  gravity,  the 
following  practical  method  may  probably  be 
acceptable  to  some  readers^  as  it  is  not  to  be 
met  with  in  any  of  the  elementary  treatises  in 
our  language. — 

1 .  If  the  body,  whose  centre  of  gravity,  is  to 
be  found,  can  be  easily  suspended  by  a  thread  or 
cord,  then  the  centre  of  gravity  will  be  situate  in 
some  point  in  the  direction  of  the  cord  prolong- 
ed. Suspend  the  body  at  another  part,  so  that 
the  new  direction  of  the  cord  may  be  nearly  at 
right  angles  with  its  former  direction,  then,  as 
the  centre  of  gravity  must  lie  somewhere  in  the 
new  direction  of  the  cord  prolon2;ed,  the  point 
where  these  two  lines  (formed  by  prolonging 
the  cord)  intoisoct  each  other,  will  determine 
the  centre  of  gravity. 

S.  If  the  body  be  of  such  a  size  or  quality  that 
it  cannot  l)c  conveniently  suspended,  plnce  it 
upon  a  horizontal  edge  so  that  its  parts  may  be 
in  e^iuilibrio.  The  horizontal  edge  will  make 
a  line  or  mark  on  the  body  in  the  same  direc- 
.tion  with  itself,  and  the  centre  of  gravity  will 
be  in  some  point  in  this  line.    Balance  the  bo- 


Mechanics.  375 

dy  a  second  tinie^  so  that  the  line  upon  the  bo- 
dy may  be  nearly  at  right  angles  to  the  horizon- 
tal edge,  which  will  make  a  new  line  or  mark 
upon  the  body,  the  centre  of  gravity  therefore 
will  be  somewhere  in  this  new  line,  and  con- 
sequently in  the  point  where  it  intersects  the 
former  line. 

3.  If  tlie  body  be  so  flexible  that  it  can  neither 
be  suspended  nor  balanced,  then  let  a  board  be 
balanced,  as  in  case  3d,  and  upon  it,  wlien  ba- 
lanced, lay  the  body,  whose  centre  of  gravity  is 
to  be  found,  in  such  a  manner  that  the  board 
may  still  be  in  equilibrio ;  then  the  centre  of 
gravity  will  be  in  a  line  opposite  to  that  which 
is  made  on  the  board  by  the  horizontal  edge, 
and  by  shifting  the  position  of  the  board,  and 
again  balancing  it,  a  new  line  will  be  found^ 
the  intersection  of  which,  with  the  former  line, 
will  determine  the  centre  of  gravity.* 

•  Or  rather  the  centre  of  gravity  of  the  body  will  be  some- 
where in  the  common  section  of  the  two  vertical  planes  passing^ 
through  the  above  horizontal  edges  or  lines. — A.  En. 
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On  the  Steam-Engine 


TIIR  superiority  of  inanimate  power  to 
tlie  excrlions  of  animals  in  turning  machinery 
lias  been  universally  acknowledired-  In  the 
former,  the  power  generally  continues  its  ac- 
tion without  the  smallest  intermission,  but  fre- 
quent and  long  relaxations  are  necessary  for 
restoriiiii:  the  strenarth  and  activity  of  exhaust- 
ed  animals.  There  are  many  places,  however, 
where  a  sufficient  quantity  of  water  cannot  be 
procured,  or  where  it  cannot  be  employed  for 
the  w  ant  of  proper  declivities  ;  and  there  are 
situations  also  which  are  hi"hlv  unfavourable 
for  the  erection  of  w ind-mills.  But  even  when 
water  and  wind-mills  can  be  conveniently 
erected,  there  is  such  a  variation  in  the  impel- 
ling power,  arising  from  accidental  and  una- 
voidable causes,  that  sometimes,  in  the  case  of 
water,  and  often  in  the  case  of  wind,  there  is 
not  a  sufficient  force  for  putting  the  machinery 
in  motion.  In  such  circumstances,  the  disco- 
very of  steam  as  an  impelling  power,  may  be 
regarded  as  a  new  sera  in  the  progress  of  the 
arts.  Wlierever  fire  and  water  can  be  obtain- 
ed, we  can  procure  a  quantity  of  the  steam  ca- 
pable of  overcoming  the  most  powerful  resist- 
ance^ and  free  from  those  accidental  variations 
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of  power  which  aiTect  every  inanimate  agent 
that  has  hitherto  been  employed  as  the  first  mov- 
er of  machines. 

Tlic  invention  of  the  steam-engine  has  been 
universally  ascribed  by  tbe  English  to  the  Mar- 
quis of  Worcester,  andtoPapin  by  the  French,* 
but  there  can  be  little  doubt  that  about  34 
years  prior  to  the  date  of  the  Marquis's  inven- 
tion, and  about  61  years  before  the  publication 
of  Papin's,  steam  was  applied  as  the  impelling 
power  of  a  stamping-engine  by  one  BrancaSj  an 
Italian,  who  published  an  account  of  his  inven- 
tion in  the  year  1629.  It  is  extremely  probable, 
however,  that  the  Marquis  of  Worcester  was 
unacquainted  with  the  discovery  of  Brancas, 
and  that  the  fire-engine  which  he  mentions  sO 
obscurely  in  his  Century  of  Inventions,  w  as  the 
result  of  his  own  ingenuity. 

The  utility  of  steam  as  an  impelling  power 
being  thus  known,  the  ingenious  Captain  Sa- 
vary  took  g^dvantage  of  the  discovery,  and  in- 
vented an  engine  Avhich  raised  water  by  the 
expansion  and  condensation  of  steam.  Several 
of  Savary's  engines  were  actually  erected  in 
England  and  in  France,  but  they  were  never 
capable  of  raising  water  from  a  depth  which 
exceeded  35  feet. 

The  steam-engine  received  great  improvc- 
nients  from  tlie  hands  of  Nevvcomcn,  Beighton^ 
IJlakey,  and  other  ingenious  men ;  but  it  was 
brought  to  its  present  high  state  of  perfection 
by  the  celebrated  Mr.  Watt,  of  Birmingham, 
one  of  the  most  accomplished  philosophers  and 
engineers  of  the  present  age.      Hitherto  the 

•  Boss'iit,  Traite  d'lIydrocU'namlqne. 
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s(cam-eii;;iiic  lias  been  employed  merely  as  a 
livdraulic  machine  for  drainini:;  mines  or  for 
raisirts;  water;  but  in  consequence  of  Mr.Watt'^J 
improvemenls.  it  has  for  a  series  of  years  been 
employed  as  the  impelliiij5  power  or  first  mov- 
er of  almost  every  species  of  machinery'. 
Fr.ATK  j^^jpj.  j .  of  Plate  XLA^I.  represents  one  of 

yig.  i!  Ml'-  Watt's  latest  engines.  CD  is  tlie  boiler 
in  which  the  water  is  converted  into  steam  by 
tlie  heat  of  the  furnace  D.  It  is  sometimes  made 
of  copper,  but  more  frequently  of  iron,  its  bot- 
tom is  concave,  and  the  flame  is  made  to  circu- 
late round  its  sides,  and  is  sometimes  conducted 
by  means  of  flues  throui;h  the  very  middle  of  the 
water,  so  that  as  great  a  surface  as  possible  may 
be  exposed  to  the  action  of  the  fire.  In  some  of 
Mr.  Walt' s  engines,  the  fire  contained  in  an  iron 
vessel  was  introduced  into  the  very  middle  of 
the  water,  and  the  outer  boiler  was  formed  of 
*  wood,  as  being  a  slow  conductor  of  heat.  When 

the  furnaces  are  constructed  ^in  the  most  judi- 
cious manner,  8  square  feet  of  the  boiler's  sur- 
face must  be  acted  upon  by  tlie  fire  or  the  flames 
in  order  to  convert  1  cubic  foot  of  water  into 
steam  in  the  space  of  an  hour ;  and  this  effect 
will  be  produced  by  between  \  and  -^^  of  a 
bucket  of  good  Newcastle  coals.  When  fire 
is  applied  to  the  boiler,  the  water  does  not  eva- 
porate into  steam  till  it  has  reached  the  tempe- 
rature of  213°  of  Fahrenheit,  or  the  boiling 
point.  This  arises  from  the  superincumbent 
w^eight  of  the  atmosphere,  for  when  the  water 
is  heated  in  a  vessel  exhausted  of  air,  steam  is 
generated  even  below  the  temperature  of  96^, 
or  blood-heat.  When  the  water,  however,  is 
pressed  by  air  or  steam  more  condensed  than 
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ihe  aiinospliovc,  a  temperature  grealer  Ihan  ilSP 
is  necessary  for  the  production  of  steam,  but  the 
lieat  necessary  for  this  purpose  increases  in  a 
less  ratio  than  the  pressuriis  to  be  ovt'rcome. — 
The  steam  Avliich  is  produced  in  the  boiler  CI)^ 
is  about  1800  times  rarer  than  water,  and  is 
conveyed  through  the  steam-pipe  CE  into  the 
i'.ylinder  (w,  Avhere  it  acts  npon  tlie  piston  r/, 
and  communicates  motion  to  the  s;reat  beam  JlB. 
But  before  we  proceed  to  consider  the  manner 
by  which  this  motion  is  conveyed,  we  shall, 
jioint  out  the  very  ingenious  method  which  Mr. 
VV^alt  has  employed  for  supplying  the  boiler 
regularly  witli  water,  and  preserving  it  at  the 
same  height  OF,  This  is  absolutely  necessa- 
ry in  order  that  the  quantity  and  elasticity  of 
the  steam  in  the  boiler  mav  be  always  the  same. 

I.  a' 

The  small  cistern  w,  placed  above  the  boiler,  is 
supplied  with  water  from  the  iiot  well  h  by 
means  of  th'^  pump  s  and  the  pipe  /.  To  the 
bottom  of  tliis  cistern  is  fitted  the  pipe  itr  which 
is  immersed  in  the  water  OP,  and  is  bent  at  its 
lower  extremity  in  order  to  prevent  the  entrance 
of  the  rising  steam.  A  crooked  arm  ud  attach- 
ed to  the  side  of  the  cistern  w.  supports  the  small 
itihtern  a  b\  which  moves  upim  d  as  a  centre. — 
The  extremity  b  of  this  lever  carries,  by  means 
of  tlie  wire  bP^  a  stone  or  piece  of  metal  P, 
whicli  hangs  just  below  the  surface  of  the  wa- 
ter in  the  boiler,  and  the  other  extremity  a  is 
conutctiul  bv  the  wire  a  <t  with  a  valve  at  the 
bottom  of  the  cistern  /(,  which  covers  tlie  top 
of  the  pipe  u)\  Now,  it  is  a  maxim  in  hydro- 
statics, that  when  a  heavy  body  is  suspended 
in  a  lluid,  the  body  loses  as  much  of  its  weight 
as  the  ijnantity  of  water  which  it  displaces. 
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%VTien  the  vater  OP.  therefore,  is  diminished 
by  part  of  it  being  converted  into  steam,  the  up- 
per surface  of  tlic  body  P  will  be  above  the  wa- 
ter, and  its  weight  will  consecjiiently  be  increa- 
sed in  proportion  to  the  quantity  of  the  body 
that  is  out  of  the  water,  or  to  tspeak  more  pre- 
cisely, the  additional  weight  which  the  bodyP 
receives,  by  a  diminution  of  the  water  in  the 
boiler,  is  equal  to  the  weight  of  a  quantity  of 
the  fluid,  whose  bulk  is  the  same  as  the  part  of 
the  body  P  which  is  above  the  water.  By  this 
addition  to  its  wciijrht,  the  stone  P  will  cause 
the  extremity  7/ of  tlie  lever  to  descend,  .and  by 
elevating  the  arm  ad^  will  open  the  valve  at 
the  top  of  the  pipe  ?n*,  and  thus  gradually  in- 
troduce a  quantity  of  water  into  the  boiler, 
equal  to  that  which  was  lost  by  evaporation. 
This  process  is  continually  going  on  while  the 
%vatcr  is  converting  into  steam ;  and  it  is  evi. 
dent  that  too  much  watcv  can  never  be.  inlro- 
duced,  for  as  soon  as  the  surface  of  the  water 
coincides  with  the  upper  surface  of  the  body  P, 
it  recovers  its  former  wciglit,  and  the  valve  at  u 
shuts  the  fop  of  the  pipe  ur.  In  order  to  know 
the  exact  height  of  the  water  in  the  boiler,  two 
cocks  i'  and  /  arc  employed,  the  first  of  which, 
7r,  reaches  to  within  a  little  of  the  height  at  which 
the  water  should  stand,  and  tlie  otlier,  /,  reaches 
a  very  liltle  below  that  h(5ight.  If  the  water 
stand  at  the  desired  height,  the  cock  k  being 
opened,  will  give  out  steam,  and  the  cock  /  will 
emit  water,  in  con<?ecjuence  of  the  pressure  of 
the  superincumbent  steam  on  the  water  OP; 
but  if  water  should  issue  from  both  cocks,  it 
will  be  too  high  in  the  boiler,  and  if  steam  issue 
from  both,  it  will  be  too  low.     As  there  would 
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be  snreal  clansrer  of  the  boiler's  burstins:  if  tbc^LATp. 
steam  should  become  too  stron*;,  it  is  furnished' 
with  tlie  safety-valve  .i\  a\  liich  permits  a  part  of 
f  he  steam  to  escape  till  its  strength  be  suflicient* 
]y  diminished. 

From  the  d(mie  of  the  boiler  proceeds  the 
sleam-]ni)e  CIC.  >vhicli  conveys  the  steam  into 
the  top  of  the  cylinder  G  by  means  of  the  steam- 
valve  «•  and  into  the  bottom  of  the  cylinder  by 
means  of  the  valve  c.  The  I)ranch  of  tiie  pipe 
which  extends  from  ft  to  c  is  cut  oil*  in  Fig.  1. 
in  order  to  show  the  valve  fc,  but  is  distinctly, 
visible  in  Fig.  2.  wliich  is  a  view  of  the  pipes 
and  valves  in  tlie  direction  K)L  The  cylinder 
6f  is  sometimes  inclosed  in  a  wooden  case,  in 
order  to  prevent  it  from  l)eing  cooled  by  the 
ambient  air;  and  sometimes  in  a  metallic  case, 
that  it  may  be  surrounded  and  kept  warm  l>y 
a  quantity  of  steam  which  is  brought  from  the 
fitcam-pipe  EC^  through  the  pipe  jfeJ6r,  by  turn- 
ing a  cock.  It  is  generally  thouglit,  however,  ^ 
that  little  benefit  is  obtained  by  encircling  the 
cylinder  with  steam,  as  the  quantity  thus  lost 
is  almost  equal  to  what  is  destroyed  by  the  cold- 
ness of  the  cylinder.  After  the  steam,  whicli 
w^as  admitted  above  the  piston  q  by  the  valve  a, 
and  below  it  by  the  valve  c,  has  performed  its 
respective  offices  of  depressing  and  elevating 
the  piston^  and  consequently  the  great  beam 
ABy  it  escapes  by  the  eduction-valves,  b  and  rfpi^.i  &'•' 
into  the  condenser  /•  where  it  is  converted  into 
water  by  means  of  a  jet  pliying  in  the  inside  of 
it.  The  water  thus  collected  in  the  condenser  is 
carried  off,  along  with  the  air  which  it  contains, 
into  the  hot  well  A,  by  the  air-pump  ^,  which  is 
wrought  by  the  piston-rod  TM^  attached  to  the 
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great  l>cain  nlB.    From  llio  hoi  well  h  this  va- 
tcr  is  conveyed  by  the  pun)]!  x  and  the  pipe  /, 
into  the  cistern  z/,  for  the  purpose  of  supplying 
the  boiler.  The  water  w  which  renders  air-tis:ht 
Hie  pump  Cj  and  supplies  the  jcl  of  water  in  the 
condenser,  is  furnished  by  the  pump  g^  which 
is  Nvorked  by  the  great  beam.     The  steam  and 
eduction-valves  a.  c.  Ik  il.  are  o])ened  and  shut 
]»y  Hie    s|)anners    «.!/,  (IMn  cJS\  hA%    whose 
handles  •)/  nnd  A*  are  moved  by  the  plugs  !•  S, 
fixed  to  7V^*,  the  piston-rod  of  the  air-pump. 
This  part  of  (he  machinery  has  been  called  the 
trorItinf^-^;eer:  t\)n\  is  so  constructed  that  the 
steam  and  eduction-valves  can  be  worked  eitiicr 
by  the  hand  or  by  tin*  pistons  of  the  air-pump. 
The  piston-rod  7/,  which  moves  the  piston  q. 
passes  through  a  box  or  collar  of  leathers  fixed 
in  a  strong  metallic  plate  on  the  lop  of  tlie  cy- 
linder.    The  rod  is  turned  perfectly  cylindri- 
cal, and  is  finely  polished  in  order  to  prevent 
any  air  from  passing  by  its  sides.     The  top  V 
of  the  piston-rod  jK  is  fixed  to  the  machinery 
TVy  which  is  called  the  parallel  joint,  and  is 
M)  contrived  as  to  make*  the  rod  I  li  ascend  ami 
descend  in  a  vertical  or  [lerpendicular  dii*ection. 
When  the  lever  (u'  beam  rises  into  its  present 
position  from  a  horizontal  one,  the  piston-rod 
rjl  has  a  tendency  to  move  towards  «,  and 
would  move  towards  it  were  the  bar  .«v  fixed  in 
its  present  position,  for  while  the  point  T  rises, 
the  bar  «  T"  also  rises,  at  the  same  time  the 
angle  I'luv  increases,  and  likewise   the  angle 
A  r>*  so  that  the  vertex  Fof  the  angle  x  V,u  would 
move  towards  T.    The  bar  juv^  however,  is  not 
at  rest,  but  moves  round  the  fixed  point  %  and 
rises  along  \^  ith  the  point  f^:  w  hilc.*' ,  therefore. 
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vises  npoii  V  as  a  centre,  the  adjoinins;  bar  //«7 
moves  round  the  point  T  towards  V^  tlic  angle, 
7%>  increases,  and  the  point/"  approaches  to  l\ 
and  keeps  ril  in  a  perpendicular  position,  so 
tliat  M  halever  tendency  the  point  V  has  towards 
^I^  hy  the  increase  of  the  angle  v  Vim^  it  has  an 
eqnai  tend(*n(*y  in  the  contrary  direction,  by  the 
increase  of  the  angle  Tf^v :  but  as  the  beam  Jilt 
falls  into  a  horizontal  position,  all  these  motions* 
are  reversed.  When  the  piston-rod  VR  rul)s 
most  upon  the  side  of  the  collar  of  leathers  nenr- 
ost  to  «,  the  lixed  point "  must  be  shifted  a  lit- 
tle in  the  contrary  direction,  viz.  to  the  riglit 
bandof //.  Tiiat  <he  nature  of  this  parallel 
joint  may  be  better  nndeistood,  it  may  be  pro- 
per to  obser\e,  that  all  the  bars  which  have 
been  mentioned  are  double,  as  mav  be  seen  in 
tbe  fiu;ure, — that  they  move  round  points  at  ?, 
T,  Vj  .«.  and  '^,  and  that  the  two  bars  between 
/t  and  Fmove  between  the  bars  at  /uv.^- 

In  the  steam-enirinos  of  Newcomen  and 
Beighton,  where  the  piston  was  raised  merely 
by  a  counterweight  at  the  extremity  A  of  the 
Sreat  )>eam,  the  piston-rod  was  connected  with 
its  other  extiemitv  bv  means  of  a  chain  bendin:; 
round  the  arch  of  a  circle  fixed  at  B ;  but  in 
JVFr.  AVatt's  improved  engines  with  a  double 
stroke,  in  which  the  piston  receives  a  strong  im- 
pulse upwards  as  well  as  downwards,  the  chain 
w  ould  slacken,  and  could  not  communicate  mo- 
tion to  the  beam.  An  inflexible  rod,  therefore, 
must  be  employed  for  connecting  the  piston  with 
the  beam,  or  the  piston  must  be  suspended  by 

•  As  tlic  authors  who  have  written  on  ihc  slcam-cn^ine  liave 
not  taken  any  notice  of  the  operation  of  the  parallel  juiut,  it  was 
thought  proper  to  ^ive  the  piTcedinfi^  description  ot"  il .  v  hi'jU  \\'*i 
trust  will  be  sssitisfactory  to  the  reader- 
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douhle  chains  like  llso«e  (if  cnsiues*  lor  cxtiu- 
squished  fire.  In  .>ome  of  Mr.  \Vatt's  engines 
the  Ijitier  of  these  nfethocls  was  adopted.  He 
then  e:iii»l(\ved  a  toollied  rj«ek  working  in  a 
loothed  seetor  li\ed  at  li.  and  afterwards  fell 
upon  the  very  Miperior  method  wliivh  vrc  liavo 
now  been  deserihinir. 

All  the  enirine^  which  were  constructed  be- 
fore  the  lime  of  Mr.  AV'att  were  employed  mere- 
ly for  raising  water,  and  were  never  used  as  the 
Itrst  movers  of  machinerv.  Mr.  R.  Fitzs^erald 
indeed,  published  in  the  Transactions  of  the 
lioyal  Society,  a  method  of  convertinc;  thciiTC- 
gular  motion  of  the  beam  into  a  continued  ro- 
tatory motion,  by  means  of  a  crank  and  a  train 
of  wheel- work  connected  with  a  larsre  and  mas- 
sy  fly,  which,  by  accumulating  the  pressure 
of  the  machine  durini:  the  workins:  sti-okc. 
ursred  round  the  machinerv  duvins;  the  return- 
ing  stroke,  when  there  is  no  force  pressing  it 
forward.  For  this  new  and  ingenious  contri- 
vance, Mr.  Fitzgerald  received  a  patent,  and 
proposed  to  apply  the  steam-engine  as  the 
moving  power  of  every  kind  of  machinery,  but 
it  does  not  appear  that  any  mills  were  erected 
nnder  this  patent.  In  order  to  convert  the  re- 
ciprocating  motion  of  the  beam  into  a  circular 
motion.  Mr.  Watt  fixed  a  strong  and  inflexible 
rod  AIJ  to  the  extremilv  of  the  crcat  beam. 
To  the  lower  end  of  this  lod,  a  toothed  wheel 
V  is  fastened  \\\  bolts  arid  straps,  so  that  it  can- 
not move  round  its  axis.  This  wheel  is  con- 
nected witli  another  toothed  wheel  H  of  the 
same  size,  by  means  of  iron  bars,  w  hich  permits 
the  former  to  revolve  round  the  latter,  but  pre- 
vents them  from  quitting  each  other.  This 
apparatus  is  called  the  Sun-and-Planet  wheels^ 
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from  the  similarity  of  their  motion  to  lliat  of  llic 
two  luminaries.  On  the  axis  of  the  wheel  S  is 
placed  the  large  and  heavy  fly-wheel  F^  which 
rei^ulates  the  desultorv  motion  of  the  heam. — - 
When  the  extremity  t'i  of  the  peat  beam  rises 
from  its  hjwest  position,  it  will  brinji;  along 
>vith  it  the  w  heel  17.  and  cause  it  to  revolve 
upon  the  circiuuference  of  the  wheel  iS.  so  that 
the  interitir  part  of  the  former,  or  tlie  part  next 
the  cylinder,  will  act  npon  the  exterior  part  of 
the  latter,  or  the  part  farthest  from  the  cylin- 
der, and  put  it  in  motion  along  with  the  Uy  h\ 
After  the  wheel  (/  has  got  to  the  top  of  tlui 
wheel  Af,  the  end  A  of  the  beam  will  have 
reached  its  highest  position,  and  the  wheel  Hy 
along  with  the  lly,  will  have  pevrdinied  one 
complete  revolution.  When  the  wheel  (7 pas- 
ses from  tiie  toji  of  H  into  its  former  position 
below  it,  the  extremity  t^  of  the  beam  will  also 
descend  from  its  highest  to  its  lowest  position^ 
flo  that  for  every  ascent  or  descent  of  the  ])iston 
or  the  great  beam,  the  planet-wheel  V  will 
make  one  turn,  while  the  sun-wheel  and  fly 
will  perform  two  complete  revolutions. 

When  tlie  steam-engine  is  employed  to  drive 
maehinery  in  which  the  resistance  is  very  vari- 
able, and  where  a  determinate  velocity  cannot 
properly  be  dispensed  with,  Mr.  Watt  has  ap- 
plied a  conical  pendulum,  which  is  represented 
at  m?e,  for  procuring  a  uniform  velocity.  This 
regulator  consists  of  two  heavy  balls  wz,  Uy  sus- 
pended by  iron  rods  which  move  in  joints  at  the 
top  of  the  vertical  axis  ojpy  and  is  put  in  motion 
by  the  rope  oo^  which  passes  over  the  pulleys 
o,  Oj  and  round  the  axis  o  of  the  fly.  Since  the 
velocity  of  the  fly  and  suu-whe^l  increases  and 
diminishes  with  the  quantity  of  ^t^am  that  is 
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admitted  iilio  the  cylinder,  let  us  suppose  that 
too  much  is  admitted — then  the  velocity  of  the 
fly  will  increase,  but  the  velocity  of  the  vertical 
axis  op  will  also  increase,  and  the  balls  mn  wiH 
recp.dc  from  the  axis  by  the  augmentation  of 
their* centrifugal  force.  By  this  recess  of  the 
balls,  the  extremity^;  of  the  lever  j;^?,  moving 
wpon  y  as  a  centre,  is  depressed,  its  other  ex- 
tremity s  rises,  and  by  forcing  the  cock  at  a  to 
close  a  little,  diminishes  the  supply  of  steam. 
The  impelling  power  being  thus  diminished, 
the  vcliU'ity  of  the  tly  and  the  axis  op  decrease 
in  proportion,  and  the  balls  ?/?,  w,  resume  their 
former  position. 

In  Air.  A\'att's  improved  engine,  the  steam 
and  eduction-valves  are  all  puppet-clacks.  One 
of  these  valves,  and  the  method  of  opening  and 
shnttin;;  it,  is  represented  in  Fig.  1.  of  Plate 
i'li'.iV  XLVII,  Let  it  be  one  of  the  eduction-valves, 
and  let  .LI  be  part  of  the  pipe  which  conducts 
the  steam  into  the  cylinder,  and  MM  the  supc- 
rior  part  of  the  pipe  which  leads  to  tlic  con- 
denser. At  00.  tlif*  ?eat  of  the  valve,  *a  me- 
tallic  ring,  of  which  nn  is  a  section,  is  fitted 
accurately  into  the  top  of  llie  pipe  MM.  and  is 
conical  on  the  outer  edge,  so  as  to  suit  the  co- 
iiical  part  of  the  pipe.  These  two  pieces  arc 
ground  togellier  with  emery,  and  adhere  very 
firmly  when  the  contiguous  surfiices  are  oxida- 
ted or  rusted-  The  chick  is  a  circular  brass 
plate  ;;/,  with  a  eo)iical  edge  ground  into  the 
inner  edge  of  the  ring  ?r/?,  so  as  to  be  air-tight, 
and  is  furNished  with  a  cylindrical  tail  mPf 
whicli  can  rise  or  fall  in  the  cavity  of  the  cross- 
bar .A  V^*.  To  the  top  of  the  valve  »^,  a  small 
metallic  rack  in¥\%  firmly  fastened,  which  caa 
be  raised  or  depressed  by  tlie  portion  K  of  a 
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toothed  wheels  moveable  upon  the  centre  1). 
The  small  ch'cle  D  represents  a  section  of  an 
iron  cylindrical  axis,  whose  pivots  move  in 
holes  in  the  opposite  sides  of  the  pipe  .i*,l.  Its 
pivots  are  fitted  into  their  sockets,  so  as  to  be 
air-tight ;  and  the  admission  of  air  is  further 
prevented  by  screwing  on  the  outside  of  the 
holes,  necks  of  leather  soaked  in  rosin  or  melt- 
ed tallow.  One  end  of  this  axis  reaches  a  good 
way  without  the  pipe  .4ti,  and  carries  a  han- 
die  or  spanner  6JV*,  which  may  be  seen  in  Fig. 
1.  Plate  XL VI,  and  whicli  is  actuated  by  thePi.ATs 
plugs  1,  S,  of  the  rod  7\\\  When  the  plug  2,  ]^V7{ 
therefore,  elevates  the  extremity  of  the  spanner  '° 
JV1&,  during  the  ascent  of  the  piston-rod  TJ\*y 
the  axle  I),  Plate  XLVII,  Fig.  1.  is  put  in  mo-  plate 
tion,  the  valve  m  is  raised  by  means  of  the^*-^'" 
toothed  racks  E  and  IT,  and  tiie  steam  rustics  *^* 
through  the  cavity  of  the  circular  ring  ww,  by 
the  sides  of  the  cross  piece  of  metal  00.  J\*A\ 
When  the  valve  needs  repair,  the  cover  B, 
which  is  fastened  to  the  top  of  the  valve-box 
by  means  of  screws,  can  easily  be  removed- 
Having  thus  described  tlie  dittercnt  parts  of 
the  most  improved  steam-engine,  it  will  be  pro- 
per to  attend  to  the  mode  of  its  operation.  Let 
us  suppose,  that  the  piston  is  at  tlie  top  of  the 
cylinder,  as  is  represented  in  the  figure,  aiid 
that  the  upper  steam-valve  a,  and  the  lower 
eduction  or  condcusing-valverf,  arc  opened  by 
means  of  the  spanner  •!/,  while  the  lower  steam- 
valve  c,  and  the  upper  eduction-valve  6,  are 
shut ;  then  the  steam  in  the  boiler  will  issue 
through  the  steam-^pipe  CEy  and  the  valve  a, 
into  the  top  of  the  cylinder,  and  depress  the 
piston,  by  its  elasticity,  to  the  very  bottom. — 
But  when  the  piston  q  is  brought  to  the  liottom 
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of  the  cylinder,  the  extreinily  S  of  the  great 
hraiu*  is  (lr:!ri:u;o(l  down  hy  the  parallel  joifil 
Ti\  it^^  other  '*\in»mity  •!  liscs,  and  the  wheel 
U  ha\  inn;  pj-i;:-'-.!!  ovu''  t  of  the  eirtMimfereiicc  of 
iS,  will  Irivr.  nrard  ff)rward  tliO  Hy-wheel  f, 
and  (!C)i]SiUuiv.iitIv.  the  niachinory  attached  ioiu 
one  compleU*  i.*vui;jiion.  When  the  piston  q 
has  rcaeiied  the  holtoiii  of  the  cvliuder,  the 
pis-ionrod  IW  of  the  air-panjp,  hy  the  pres- 
snri»  (»f  ihe  piiiu;  i  npoii  the  spanner  Ji,  has  shut 
the  sieaui-valve  //.  nm\  the  eduction-valve  rf, 
w  hih*  lli<*  phi.'!;  :l  \\i\<,  h\  means  of  the  spanner^ 
o[)rned  ihe  eviiieiioii- valve  h.  and  ihe  .steam- 
valve  (\  The  steasr..  therefore,  whicli  is  ahove 
llie  pisioi^.  rushes  iiiroi:;:;li  the  eduction- valve 6 
into  the  ev»!idi'^iis:er  /•  where  it  is  converted  into 
water  hy  \\\v  jtt  in  tlie  nudille  of  it,  and  by  the 
coldness  aiisln;;  fnuu  Ihe  surroundina;  fluid  7r, 
"while,  at  Ihe  saiii;»  tiiiK-.  a  nev*"  (inantitv  of  steam 
iVom  tiie  h(»!ler  irsij^\^  iiir(nii;li  the  open  steam- 
valve  r,  into  the  eyiiudiMN  loreei*  up  the  jiistoii, 
and,  hv  r.iisin:r  one  end  oi  ihe  workiuir  oeain, 
and  depress  -iioL;  the  otiier,  makes  the  wheel  h 
dlescrihi*  tii:'  oil  i*:  •^'/nji-eireumr'Menee  of  »S.  ami 
causi's  the  tly  anrl  liie  machinery  on  its  axis  to 
prrlorm  antiiher  eomplete  revohuion.  As  the 
plii!;s  1,2,  iii-c  nd  with  the  piston  (/.  tlieyopeii 
or  ^l.iit  fi.e  sicam  and  eduetioii-valves,  and  liic 
opcnniiui  oy  ;iic  eii  ;iue  may  he  thu:>  continued 
lur  aii.v  h^  v;Mi  of  i)i\u\ 

Fcinn  {!ji..  hrirT  •;f,i\ij)tion  of  ihe  steam-en- 
^ine,  ihv^  rea'.i«  r  .vili  he  eiiaMed  to  perceive  the 
iiatn:'!'.  aad  ajMJiCi  hvi,  the  value  oi  ^Ir.  Watt's 
jnijjrov^siuMit/..  it  hid  Jiitherloheen  the  practice 
io  etUKhiji.M'  the  sUrain  in  the  cylinder  itself,  hy 
:he  injjMiioii  of  cold  water;  but  the  w^ater  which 
i?j  ivjir!  da  •'^uiri^saeousMenibie  degree  of  hwi. 
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from  the  cylinder,  and  being  placed  in  air/high- 
ly  rarefied,  part  of  it  is  converted  into  steam, 
which  resists  the* piston,  and  diminishes  the 
power  of  tlie  engine.  >Vhen  the  steam  is  next 
admitted,  part  of  it  is  converted  into  water  by 
coming  in  contact  with  the  cylinder,  whicli  is  of 
a  lower  temperature  than  the  steam,  in  conse- 
quence of  the  destruction  of  its  heat  by  the  iu- 
jeclion-watcr.  By  condensing  the  steam,  there- 
fore, in  the  cylinder  itself,  the  resistance  to  the 
jiiston  is  increased  by  a  partial  reproduction  of 
this  elastic  vapour,  and  the  impellingiiower  is 
diminished  by  a  partial  destruction  of  the  stenm 
which  is  next  admitted.  Both  these  inconvc- 
niencies  Mr.  Watt  has  in  a  great  measure  avoid- 
ed, l)y  using  a  condenser  separate  from  the  cy- 
linder, and  incircled  witlicold  water;*  and  by 
surrounding  the  cylinder  with  a  wooden  case, 
and  interposing  light  wood-ashes,  in  order  to 
prevent  its  heat  from  being  abstracted  by  the 
ambient  air. 

The  gi-eatest  of  Mr.  Watt's  improvements 
consists  in  his  employing  the  steam  both  to  el- 
evate and  depress  the  piston.  In  the  engines  of 
Newcomen  and  Beighten,  the  steam  was  not 
the  impelling  power,  it  was  used  merely  for 
producing  a  vacuum  below  the  piston,  which' 
was  forced  down  by  the  pressure  of  the  atmos- 
phere, and  elevated  by  the  counterweight  at  the 
farther  extremity  of  the  great  beam.  The  cylin- 
der, therefore,  was  exposed  to  the  external  air 
at  every  descent  of  the  piston,  and  a  consider- 
able portion  of  its  heat  being  thus  abstracted, 

•  Even  in  Mr.  Walt's  best  engines,  a  very  smull  qii;intiiy  of 
steam  remains  in  the  cylinder,  having  the  temperature  of  the 
hot-woU  p,  or  of  the  water,  into  which  the  ejerltd  slcam  is  cvu 
verted.  Its  pressure  is  indicated  by  a  baronurtcr,  which  Mr. 
Watt  has  ingeniously  applied  to  hin  engines  iur  ex.hibiting  th^ 
•tate  of  t]ie  Tacuum. 
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a  corresponding  quantity  oF  steam  was  of  conse- 
quence destroyed.  In  Mr.  Watt's  engines, 
however,  the  external  air  is  excluded  by  a  me- 
tal plate  at  the  top  of  the  cylinder,  which  has 
a  hole  in  it  for  admitllnj;  the  piston-rod ;  and 
the  piston  itself  is  raised  and  depressed  mere- 
ly l)y  tlio  force  of  steam. 

When  tliese  improvements  are  ado])ted,  and 
the  engine  constructed  in  the  most  perfect  man- 
ner, there  is  not  a1)ovc  \  part  of  the  steam  con- 
sumed in  heating  tlie  apparatus ;  and,  therefore, 
it  is  impossible  that  the  engine  can  be  rendered 
1  more  powerful  tlian  it  is  at  present.  It  would 
be  very  desirable,  however,  that  the  force  of 
the  piston  could  be  properly  communicated  to 
the  machinery  without  tlie  intervention  of  the 
great  beam.  This,  indeed,  has  been  attempted 
by  Mr.  Watt,  who  has  employed  tlie  piston-rod 
itself  to  drive  the  machinery ;  and  Mr.  Cart- 
Wright  has,  in  his  engine,  converted  the  perpen- 
dicular motion  of  the  piston  into  a  rotatory  mo- 
tion, by  means  of  two  cranks  lixed  to  the  axis 
of  twoeqn:)!  wheels  Av!iiclj  wotk  in  each  other. 
Notwithstanding  the  simplicity  of  these  me- 
thods, none  of  tiiem  ha\e  come  into  general 
use,  and  Mr.  Watt  t^till  prefers  the  intervention 
of  the  great  beam,  v/liich  is  generally  made  of 
hard  oak,  with  its  tteait  taken  out,  in  order  to 
prevent  it  from  war[»ing.  A  considerable  quau« 
tity  of  povr'er,  however,  is  wasted  by  dragging, 
at  every  ?i?*roke  of  the  piston,  such  a  mass  of 
matter  from  a  state  of  rest  to  a  state  of  mo- 
tion, and  then  from  a  state  of  motion  to  a  state 
of  rest.  To  prevent  this  loss^  of  power,  a  light 
frame  of  carpentry*  has  been  employed  by  se- 

•  The  pr(  at  bctm  in  Mr.  Ilornblower^s  enpine,  is  constructed 
la  this  munnerv  ;*i:4  is  iormed  upon  truly  scientific  piiDciples. 
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vcral  engineers,  instead  of  the  solid  beam  ;  but 
after  being  used  for  some  time,  the  wood  was 
generally  cut  by  the  iron  bolts,  and  the  frame 
itself  wjas  often  instantaneously  destroyed.  In 
some  of  the  engines  lately  constructed  "by  Mr, 
Watt,  he  has  formed  the  great  beam  of  cast  iron, 
and  while  be  has  thus  added  to  its  durability, 
lie  has  at  the  same  time  diminished  its  weight 
and  increased  the  power  of  his  engine. 

Encouraged  by  Mr.  Watt's  success,  several 
improvements  upon  the  steam  engine  have  been 
attempted  by  Hornblower,  Cartwriglit,  Trcve- 
thick,  and  other  engineers  of  this  country.  But 
it  does  not  appear  that  they  have  either  increas- 
ed the  power  of  the  engine,  or  diminished  its 
expense.  It  appears,  on  the  contrary,  that  most 
of  thcsij  jiretended  improvements,  excepting 
those  of  Hornblower,  consist  merely  in  having 
adopted  Mr.  Watt's  discoveries,  in  such  a 
manner  as  not  to  infringe  upon  his  patent. 

About  ten  months  ago,  Mr.  Arthur  Woolf  an- 
nounced to  the  public  a  discovery  respecting  the 
expansibility  of  steam,  which  promises  to  be  of 
very  essential  utility.  Mr.  Watt  had  formerly 
ascertained,  that  steam  which  acts  with  the  cx- 
pan<5ive  force  of  four  pounds  per  square  inch, 
against  a  safety-valve  exposed  to  the  weight  of 
the  atmosphere,  after  expanding  itself  to  four 
times  the  volume  it  thus  occupies,  is  still  equal 
to  the  pressure  of  the  atmosphere.  But  Mr. 
Woolf  has  gone  much  farther,  and  has  proved 
that  quantities  of  steam,  having  the  force  of  S, 
6,  7y  8,  9,  10,  &c.  pounds  on  every  square  inch 

Dr.  Riibison  observes,  tliat  it  is  stronger  that  a  bcani  of  ihe  com- 
mon tbrin,  which  contkins  2i)  times  its  quantity  of*  timber. 

[f  the  great  beam  were  so  centered  as  that  its  natural  vibra- 
tiotu  mii^ht  correspond  with  those  communicated  to  it  by  the  en- 
gine, the  resistance  arising  from,  the  vis  inertix  of  the  beam 
vould  be^  in  a  great  measure^  obriiittd -— A.  £b. 
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may  be  allowed  to  expand  o.  6, 7, 8, 9, 10,  &c. 
times  its  volume,  and  will  still  be  equal  to  the 
atmosphere's  weight,  pro\ided  that  the  cylinder 
in  whieli  the  exi)ansion  takes  plaee,  has  the  same 
temperatnre  as  the  steam  before  it  began  to  ex- 
pand. It  is  evident,  however,  that  an  increase  of 
temperature  is  necessary  lioth  to  pi*oducc  and  to 
maintain  this  au!;mentation  of  the  steam's  expan- 
sive force  above  the  pressure  of  the  atmosphere. 
At  the  temperature  of  212°  of  Fahrenheit,  the 
force  of  steam  is  e(|ual  only  to  the  pressure  of 
the  atmosphere,  and,  in  order  to  give  it  an  ad- 
ditional elastic  force  of  ;i  pounds  persquare  inch, 
the  temperature  must  be  increased  to  aboutSS7i°; 
as  is  evident  from  the  following  table. 

TABLE, 

Of  the  PiiccurL^^    Tttnpcrutureiiy  and  E.tjiansibilitu^  of 
^:tc:ni^  equal  to  the  Force  of  the  Atmosfihcrc, 

F.Iastic  force  of  sleaiujlXgrcc?  uf  tempera- 
predominatii:;^  ovei;*.ure  rcqtiisite  for 
the  p:x:S'»iirc  •>€  thtibringinj^  tin-  slcam  to 
atmostihere,  ami  art-|ihe  diflcTeul  expan- 
sive forccb  in  the  pi'c- 


iHf^    upt-ii    :i    bulctv 
valve. 


cedinjj  coluniM. 


{bs.  per  btjuare  ir,i:li.i     In  !>-rctfs  ot"  licit. 


R 

4 

8 

9 

10 

±5 

m 

25 
-?0 
35 
40 


237.} 
2301 

2351 

~^/  -,• 

231).; 

250| 

25J)-;. 

2{)7' 

273 

278 

283 


Xumbcr  of  limes  its 
volume  that  steam  of 
the  precedinjj  fi->rce 
and  tenipcrature  will 
c\i)und,  and  still  con- 
tinue equal  to  the 
])  res  sure  of  the  at- 
mo<:].hc.re. 
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6 

7 

8 

1) 
10 

20 
2;> 
30 
35 
40 
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In  this  maniicr,  by  small  additions  of  tem- 
perature, an  expansive  power  may  be  given  to 
steam,  which  will  enable  it  to  expand  50, 100, 
SOO,  800,  ice.  times  its  volume,  and  still  have 
the  same  force  as  the  atmosphere. 

Upon  this  principle  Mr.  Woolfhas  taken  out 
a  patent  for  various  improvements  on  the  steam- 
engine,  a  short  account  of  Vvhich  we  shall  sub* 
join  in  the  words  of  the  specification. 

^  If  the  engine  be  constructed  originally  with 
tlie  intention  of  adopting  the  preceding  improve- 
ment,  it  ought  to  have  two  steam-vessels  of  dif- 
ferent dimensions,  according  to  the  expansive 
force  to  he  communicated  to  the  beam,  for  the 
smaller  .steam-cylinder  must  be  a  measure  for 
the  larger.  For  example,  if  steam  of  40  pounds 
the  square  inch  be  fixed  on,  then  the  smaller 
steam-vessel  should  be  at  least  -^-^  part  of  the 
contents  of  the  larger  one.  Each  steam- vessel 
should  be  furnished  with  a  piston,  and  the  smal- 
ler cylinder  should  have  a  communication  both 
at  its  top  and  bottom,  with  the  boiler  which  sup- 
plies  the  steam ;  which  communications^  by 
means  of  cocks  or  valves,  are  to  be  alternately 
opened  and  ^jliut  during  the  working  of  the  en- 
gine. The  top  of  the  smaller  cylinder  sliould 
have  a  communication  with  t!ie  bottom  of  the 
lar2;e  cylinder*  and  the  bottom  of  tl:e  smaller 
one  with  the  tirp  of  the  larger,  with  proper 
means  to  open  and  shut  these  altornateiy  by 
cocks,  valves,  or  anv  other  contrivance.  And 
both  the  top  and  bottom  of  the  larg'jr  cylinder 
should,  while  the  engine  is  at  work,  communi- 
cate alternately  with  a  condensing-vossel,  into 
which  a  jet  of  water  is  admitiird  to  liJisten  t!io 
condensation.  Things  being  thuS  arranj^ed 
when  the  engine  is  at  work,  steam  of  high  tern- 
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When  the  piston  has  descended  to  the  bottom 
of  the  cylinder,  throng:h  the  space  of  -i  feet,  thft 
weight  will  haver  son  through  the  same  space, 
and  100  pounds  raised  through  the  height  of  1? 
feet,  during  one  descent  of  the  piston,  will  ex- 
press the  mechanical  power  of  the  engine.  But 
if  the  area  of  the  piston  7,  and  the  length  of  the 
cylinder  he  doubled,  while  the  expansive  force 
of  the  steam,  and  the  time  of  the  piston's  dc- 
8cent  remain  the  same,  the  mechanical  ener^ 
of  the  engine  Avill  be  qu«adruple,  and  will  be 
represented  by  200  pounds  raised  through  the 
«p<'ice  of  8  feet  during  the  time  of  the  piston's 
descent.  The  power  of  steam-engines,  there, 
fore,  is,  cwtoris  paribus^  m  the  compound  ratio 
of  the  area  of  the  piston,  and  the  length  of  the 
stroke.  These  observations  being  premised,  it 
will  be  e«:-y  to  compute  the  power  of  steam-en- 
gines of  any  size. 

Thus,  let  It  be  required  to  determine  the  pow- 
er of  bteaai-engines,  whose  cylinder  is  21  inciies 
diameter,  anrl  which  make  22  double  strokes 
in  a  minute,  each  stroke  bcinir  5  IVet  Ions:,  and 
the  torce  of  the  5,leam  being  crjual  to  a  pressure 
of  12  pounds  avoirdiijMiis  uinm  every  square 
inch.*  The  diameter  of  the  piston  being  mul- 
tiplied by  its  circumtVrence,  and  divided  by 
i'y  will  give  its  area  in  square  indies  ;  thus, 

— ^^ — ^    ^'     =  J;)2.J,  the  number  of  square  m- 

ches  exposed  to  the  pressure  of  the  steam. 
Now,  if  we  muliiply  this  area  by  J 2  pounds, 
tlie  pressure  upon  every  square  iucli^  we  will 


an  every  Ciicuiur  ii'«:h« 
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have  452.4x13=5428.8  pounds^  the  whole  pres- 
Bure  upon  the  piston^  or  the  weight  which  the 
engine  is  capable  of  raising.  But  since  the  en- 
gine performs  22  double  strokes,  5  feet  long,  in 
a  minute,  the  piston  must  move  through  22x5 
X 2=220  feet  in  the  same  time  ;  and  therefore 
the  power  of  the  engine  will  be  represented  by 
5428.8  pounds  avoirdupois,  raised  through  220 
feet  in  a  minute,  or  by  10.4  hogsheads  of  water, 
ale  measure,  raised  through  the  same  height  in 
the  same  time.  Now  this  is  equivalent  to 
542.80x220=1194336  pounds,  or  10.4x220= 
2288  hogsheads  raised  thruugli  the  height  of  1 
foot  in  a  minute.  This  is  the  most  unequivocal 
expression  of  the  mechanical  power  of  any  ma- 
chine whatever,  that  can  possibly  be  obtained. 
But  as  steam-engines  were  substituted  in  th^ 
room  of  horses,  it  has  been  customary  to  cal- 
culate their  mechanical  energy  in  horse-powerSy 
or  to  find  the  number  of  horses  which  could 
perform  the  same  work.  This  indeed  is  a  ve- 
ry  vague  expression  of  power,  on  account  of 
the  different  degrees  of  strength  which  differ- 
ent  horses  possess.  But  still,  when  we  are 
told  that  a  steam-engine  is  equal  to  16  horses, 
we  have  a  more  distinct  conception  of  its  power, 
than  when  we  arc  informed  that  it  is  capable  of 
raising  a  number  of  pounds  through  a  certain 
space  in  a  certain  time, 

Messrs.  Watt  and  Boulton  suppose  a  horse 
capable  of  raising  32,000  [lounds  avoirdupois, 
1  fo(rt  high  in  a  minute,  wliile  Dr.  Desaguliers 
makes  it  279^^0  pounds,  and  Mr,  Smeaton  on- 
ly 22,916.  If  we  divide,  therefore,  the  number 
of  pounds  which  any  sleam-engine  can  raise  1 
foot  high  in  a  minute,  by  these  three  numbers, 
each  quotient  will  represent  the  number  of 


3D8  Hydraulicd. 

horses  to  which  the  engine  is  equivalent.  Thus^ 
in  the  present  example<»  ^-JIJIJ*  =  ^7j  horses 
according  to  Watt  and  Boulton ;  *-f  yy^^*  =  "^i 
horses^  according  to  Desaguliers;  and  ^^Ifrl* 
=  52^  tiorscs^  according  to  Hmeaton.     In  thii 
calculation  it  is  supposed  that  the  engine  works 
only  8  hours  a- day ;  so  that  if  it  wrought  dur- 
ing the  whole  24  hours,  it  would  be  equivalent 
to  thrice  the  number  of  horses  found  by  the  pre* 
ceding  rule.     We  cannot  help  observing,  and 
it  is  with  sincere  pleasure  that  we  pay  that  tri- 
bute of  respect  to  the  honour  and  integrity  of 
Messrs.  Watt  and  Boulton  which  has  every 
where  been  paid  to  their  talents  and  genius.— 
tliat  in  estimating  the  power  of  a  horse,  they 
have  assigned  a  value  the  most  unfavourable  to 
their  own  interests.     While  Mr.  Smeaton  and 
Dr.  Desaguliers  would  have  made  the  engine 
in  the  preceding  example  equivalent  to  52  or 
43  horses,  the  patentees  themselves  state  that 
it  will  perform  the  work  only  of  37.    How  un- 
like is  this  conduct  to  some  of  our  modern  in- 
ventors, who  ascribe  powers  to  their  machines 
which  cannot  possil)ly  belong  to  them,  and  em- 
ploy tlie  meanest  arts  for  ensnaring  the  public. 
Before  concluding  this  article,  we  sliall  state 
the  performance  of  some  of  these  engines,  as 
determined  by  experiment.     An  engine  whose 
cylinder  is  31  inches  in  diameter,  and  which 
makes  17  double  strokes  per  minute,  is  equiva- 
lent to  40  horses,  working  day  and  night,  and 
burns  H,000  pounds  of  Staffordshire  coal  per 
day.   When  the  cylinder  is  19  inches,  and  the 
engine  makes  25  strokes  of  4  feet  each  per  mi- 
nute, its  power  is  equal  to  that  of  13  horses 
working  constantly,  and  burns  3,700  pounds  of 
coal  per  day.     And  a  cylinder  of  24  inches^ 
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whicli  makes  22  strokes  of  5  feet  each,  pprforms 
the  work  of  20  horses,  working  constantly,  and 
burns  0,500  pounds  of  coal.  Mr.  Boulton  lias 
estimated  their  performance  in  a  difiercnt  man- 
ner. He  states,  that  one  busliel  of  Newcastle 
coal,  containing  84  pounds,  will  raise  30  mil- 
lion pounds  1  foot  high  ;  that  it  will  grind  and 
dress  11  bushels  of  wheat;  that  it  will  slit  and 
draw  into  nails  5  cwt.  of  iron :  that  it  will  drive 
1,000  cotton  spindles,  w  ith  all  the  preparation- 
machinery,  with  the  proper  velocity ;  and  that 
these  ellects  are  equivalent  to  the  work  of  10 
horses. 
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Description  of  a  Water-bloirii?^  •Machine. 


THIS  machine  is  so  useful  for  conveying 
wind  to  the  furnaces  of  iron  forges,  and  the 
principle  by  which  it  operates  is  so  curious^  as 
to  entitle  it  to  the  particular  attention  of  tlie 
practical  mechanic^  as  well  as  of  the  specula- 
tive philosopher.  Although  it  has  been  knoi^n 
and  generally  adopted  on  the  continent  for 
above  a  century,  yet  it  has  neither  been  gene- 
rally introduced  into  the  forges  of  this  country, 
nor  has  it  found  its  way  into  many  of  our  trea- 
tises upon  machinery. 
Plate  Let  AB,  FisT.  ^,  bc  a  cistern  of  water,  with 

p.,  o  the  bottom  of  which  is  connected  the  bended 
leaden  pipe  jBC7f.  The  lower  extremity  //of 
the  pipe  is  inserted  into  the  top  of  a  cask  or 
vessel  DK,  called  tlie  condensing;  vessel,  hav- 
ing  the  pedestal  P  fixed  to  its  bottom,  which  is 
perforated  with  two  openings  M]  JSi\  When 
the  water,  which  comes  from  the  cistern  •J,  is 
falling  through  the  part  CJI  of  the  pipe,  it  is 
sui)plied  by  the  openings  or  tubes,  nif  i?,  o,  /?, 
witli  a  quantity  of  air  which  it  carries  along  with 
it.  This  mixture  of  air  and  water  issuing  from 
the  aperture  7/,  and  impinging  upon  the  surface 
of  the  stone  pedestal  P,  is  driven  back  and  dis- 
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perscd  in  various  directions.  The  air  being 
tiius  separated  from  the  water^  ascends  into  the 
upper  part  of  the  vessel,  and  rushes  through 
the  opening  F,  whence  it  is  conveyed  by  the 
pipe  FG  to  the  iire  at  G,  while  the  water  falls 
to  the  lower  part  of  the  vessel^  and  itins  out 
by  the  openings  M^  J\'\ 

In  order  that  the  greatest  quantity  of  air  may 
be  driven  into  the  vessel  1)F,  the  water  should 
begin  to  fall  at  C  with  the  least  possible  velo- 
city ;  and  the  distance  of  the  lowest  tubes  o,  py 
from  the  extremity  of  the  pipe  //  should  be  to 
the  length  of  the  vertical  tube  CH  as  3  to  8, 
io  order  that  the  air  may  move  in  the  pipe  FG 
with  sufficient  velocity.  The  part  of  the  tube 
between  oj;  and  H^  and  the  vessel  VE^  must 
be  completely  closed;  to  prevent  the  escape  of 
the  internal  air. 

Fabri  and  Dietrich  imagined  that  the  wind  is 
occasioned  by  the  decomposition  of  the  water, 
or  its  transformation  into  gas,  in  consequence  of 
the  agitation  and  percussion  of  its  parts.  But 
M.  Venturi,*  to  whom  we  are  indebted  for  the 
first  philosophical  account  of  this  machine,  has 
shown  that  this  opinion  is  erroneous,  and  that 
the  wind  is  siij)plied  from  the  atmosphere ;  for 
when  the  lateral  openings  m,  ?«,  o^p^  were  shut 
up,  no  wind  was  generated. 

Hence  the  principal  object  in  tl;e  construe* 
tion  of  these  machines  is  to  combine  as  much 
air  as  possible  with  the  descending  current. 
With  this  view  the  water  is  often  made  to  pass 
through  a  kind  of  cullender  placed  in  the  opeu 
air,    and  perforated  with  a  great  number  of 

*  Ex])crlmcnta1  Enquiry  concerning^  Uie  lateral  communication 
of  motion  in  Fluids.  Prop.  8. 
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small  triangular  holes.  Through  these  apertures 
the  water  descends  in  many  small  streams^  and 
by  exposing  a  greater  surface  to  the  atmosphere^ 
it  carries  along  with  it  an  immense  quantity  of 
air,  and  is  conveyed  to  the  pedestal  P  by  a  tube 
CHy  open  and  enlarged  at  C,  so  as  to  be  con- 
siderably wider  than  the  end  of  the  pipe  which 
holds  the  cullender. 

It  has  been  generally  supposed  that  the  wa- 
ter-fall  should  be  veiy  high,*  but  Dr.  Lewis 
has  shown,  by  a  variety  of  experiments,  that  a 
fall  of  4  or  5  feet  is  sufficient,  and  that  when 
the  height  is  greater  than  this,  two  or  more 
blowing  machines  may  be  erected,  by  conduct- 
ing the  water  from  which  the  air  is  extricated 
into  another  reservoir,  from  which  it  again  de- 
scends and  generates  air  as  foi-merly.  That  the 
air^  which  is  necessarily  loaded  with  moisture, 
may  arrive  at  the  furnace  in  as  dry  a  state  as 
possible,  the  condensing  vessel  DE  should  be 
made  as  high  as  circumstances  will  permit; 
and  in  order  to  determine  the  strength  of  the 
blast,  it  should  be  furnished  with  a  gage  ab 
filled  with  water. 

Franciscus  Tertius  de  Lanis  obsenrcs,t  that 
he  has  seen  a  greater  wind  generated  by  a  blow- 
ing machine  of  this  kind,  than  could  be  pro- 
duced by  bellows  10  or  12  feet  long. 

•  Wolfiiis  makes  the  Irnprth  of  Uic  tube  CTi  5op  6  feet.  Open 
Matliematica,  torn,  i,  p.  830. 

t  In  Magistcrio  Nalura  ct  Artis,  lib.  v.  cap.  c% 
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ON  ACHROMATIC  TELESCOPES. 


On  Achromatic  Object-glasses. 

NOTTWITHSTANDING  the  claims  of 
foreigners  to  the  invention  of  the  achromatic 
telescope^  we  have  the  most  unquestionable 
evidence  that  this  instrument  was  first  invent- 
ed and  constructed  about  the  year  17^8^  hy 
our  countryman^  Mr.  John  Dolland.  As  tele- 
scopes of  this  description  are  not  affected  with 
the  prismatic  colours^  the  late  Dr.  Bevis  pro- 
pose4  to  distinguish  them  by  the  name  of 
achromatic^  which  they  have  ever  since  retain- 
ed, though  some  have  erroneously  stated  that 
this  appellation  was  first  given  them  by  the 
astronomer  Lalande. 

During  the  17th  century,  when  every  branch 
of  science  was  cultivated  with  unwearied  assi- 
duity, the  attention  of  philosophers  was  parti- 
cularly directed  to  the  improvement  of  the  re* 
fracting  telescope.  But  as  the  different  re- 
frangibility  of  the  rays  of  light  was  then  un- 
known, men  of  science  employed  themselves 
chiefly  in  trying  to  remove  the  spherical  aber- 
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ration,  or  tlie  error  which  arises  from  the  sphe- 
rical iSgKre  of  the  object-glass.  For  this  pur- 
pose  they  ground  their  ohject-lenses  of  a  para- 
bolic or  Iiyperbolic  figure,  or  of  :i  spherical  form 
with  the  radius  of  the  surface  next  the  object 
six  times  greater  than  that  of  the  surface  next 
the  eye,  in  which  case  Huygons  had  shown 
that  the  aberration  is  less  than  when  the  radii 
of  cun'ature  have  any  other  proportion.  After 
all  these  trials,  however,  the  refracting  tele- 
scope still  retained  its  former  imperfections, 
and  the  opticians  of  tliosc  days,  completely  de- 
sjiairing  of  bringing  it  to  perfection,  turned  the  ^. 
whole  of  their  attention  to  the  construction  of 
the  rvficctin^;  telescope. 

It  w  as  reserved  for  Sir  Isaac  Xewton  to  dis- 
cover  the  cause  of  these  imperfections,  and  for 
DoUaud  to  point  out  their  cure.  From  New- 
ton's  Theory  of  Colours,  it  plainly  appeared 
that  the  imperfections  of  the  dioptric  telescope 
arose  from  the  difleront  refran^ibiliiy  of  the 
rays  of  light,  and  tliat,  when  compared  with 
this,  the  spherical  aberration  was  extremely 
trilling.  Jiut  though  Xew(on,  by  thus  pointing 
out  the  cause  of  the  indistinrtncss  of  refractins; 
telescopes,  contributed  indirectly  to  their  im- 
provement, he  mav  certainlv  be  said  to  have 
checked  the  progress  of  this  branch  of  science, 
when  he  slated. '^-  ^  that  all  refracting  substan- 

*  ces  diverged  the  prismatic  colours  in  a  con- 

*  slant  proportion  to  their  mean  refractions, — 

*  tliat  refraction  could  not  be  produced  without 
^  colour,  and,  consequently,  that  no  improve- 
^  nient  could  be  expected  in  the  refracting  tel- 
•'  escopc.'    In  this  conclusion  philosophers  had 

*  ^'-jwton'i  Optics,  p.  !i:. 
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acquiesced  for  above  half  a  century,  till  Mr.PtATi 
Dollaud,  having  examined  the  premises  from  **^^" 
wliieh  it  was  drawn,  obtained  a  result  very 
diftcrent  from  that  of  Sir  Isaac  Xewton.     He 
found  that  substances  wliich  had  the  same  re- 
fractive power  had  diflerent  dispersive  powers, 
or,  in  his  own  words, '^  '  that  there  is  a  difter- 
^  ence  in  the  dispersion  of  the  colours  of  ligiit, 
^  when  the  mean  rays  are  equally  refracted  by 
^  different  mediums;'  and  thence  concluded  that 
the  object-glasses  of  refracting  telescopes  were 
capable  of  being  made,  witliout  being  affected 
by  the  different  refrangibility  of   the  rays  of        , 
liglit. 

That  our  readers  may  understand  this  illus- 
trious discovery,  and  tlie  metliod  of  its  appli- 
cation to  the  construction  of  acliromatic  object- 
glasses,  let  ABC  be  a  prism,  O  a  beam  of  white  Pig.  5. 
light  proceeding  in  the  direction  OcV,  but  re- 
fracted from  its  rectilineal  course  by  the  inter- 
position of  the  prism,  and  forming  the  prisma- 
tic  spectrum  RMV.  The  line  iiM  being  the 
direction  of  the  mean  refracted  light,  the  angle 
JSTriM  is  called  the  angle  of  deviation,  and  Rn  V 
the  angle  of  dissipation,  or  dispersion.  In  the 
same  medium,  the  angle  of  dispersion  is  always 
proportional  to  the  angle  of  deviation,  or  to  the 
mean  angle  of  refraction,  and  Newton  imagin- 
ed that  this  was  universally  the  case  in  differ- 
ent media,  i.  e.  that  the  angle  J\*nM  is  always 
proportional  to  the  angle  KnV  whether  the 
prism  be  of  crown,  or  flint,  or  any  other  kind 
of  glass.  DoUand,  however,  found  that  these 
angles  were  not  proportional  to  each  other  in 

•  See  Tran^actioni  of  the  Royal  Society  of  London,  vol.  1,  p. 
743. 
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ThA-n  different  medla^  but  that  in  some  the  angle  of 
^^^'  deviation  is  larger  when  the  angle  of  dispersion 
is  smaller^  and  that  in  others  the  angle  of  de« 
Tiation  is  smaller  when  the  angle  of  dispersion 
is  larger*  Thus,  if  the  prism  JlBC  be  made  of 
crown-glass,  the  angle  of  deviation  will  be 
JSTnMj  and  that  of  dispersion  Rn  F,  but  if  a 
flint-glass  prism  with  a  less  refracting  angle  be 
substituted  in  its  room,  the  angle  of  deviation 
may  be  J\rnM^  while  that  of  dispersion  becomes 
rnv. 

The  application  of  these  principles  to  the 
improvement  of  the  refracting  telescope  will 
be  easily  comprehended,  if  we  consider  that 
light  is  refracted  and  dispersed  by  lenses  in  the 
Fig.  6.  same  manner  as  by  prisms.  Thus,  in  Fig.  6, 
let  AB  be  a  convex  lens,  O  a  beam  of  light  in- 
cident at  7K,  emerging  at  m,  and  proceeding  in 
the  direction  mJK'*;  then  if  we  suppose  abc  to 
be  a  prism  whose  sides  a&,  ar,  are  tangents  to 
the  surfaces  of  the  lens  in  the  points  ??,  m,  the 
beam  of  light  O,  incident  at  ??,  will  emerge  at 
7W,  and  proceed  in  the  same  direction  7wJ\*  as 
formerly ;  and  if  the  lens  be  concave,  as  CD, 
it  will  refract  and  disperse  the  rays  in  the  same 
way  as  a  prism  acd^  placed  in  a  contrary  direc- 
tion with  its  base  ad  uppermost.  Now,  if  we 
apply  to  the  prism  abc  another  prism  acd,  hav- 
ing a  similar  refracting  angle,  and  the  same  re- 
fractive or  dispersive  power,  or,  if  to  the  con- 
vex  lens  AB  we  apply  the  concave  one  CD, 
having  the  same  curvature  and  the  same  re- 
fractive and  dispersive  power,  then  the  ray  of 
white  light  0,  incident  at  n,  will  emerge  colour- 
less at  p^  and  proceed  in  the  direction  yJV*,  pa- 
rallel to  Oily  because  the  change  which  is  pro- 
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duced  on  the  incident  ray  by  the  first  prism  or^J^ 
convex  lens^  is  counteracted  by  an  equal  and 
opposite  change  produced  by  the  second  prism 
or  concave  lens.  But  if  the  second  prism  or 
lens  has  a  different  refractive  and  dispersive 
power  from  the  first,  and  if  the  refractive  angle 
of  both  be  the  same,  the  ray  pJST  will  be  colour- 
ed after  refraction,  because  the  second  prism 
more  than  counteracts  the  effects  of  the  firsts 
and  it  will  be  bent  to  or  from  the  axis  of  tlie 
lenses  according  as  the  refracting  power  of  the 
second  prism  or  lens  is  greater  or  less  than  that 
of  the  first. 

From  these  observations,  the  attentive  reader 
will  easily  understand  the  construction  of  the 
double  achromatic  object-glass,  in  which  JIB 
(Fig.  6.)  is  the  convex  lens  of  crown-glass^ 
and  CD  the  concave  one  of  flint-glass.  As  the 
refractive  and  dispersive  powers  of  the  lens  CD 
is  greater  than  those  of  the  lens  «0,  the  curva- 
tures of  the  lenses  or  the  refracting  angles  of 
the  corresponding  prisms  being  equal,  the  ray 
pj\r  will  be  bent  from  the  axis  of  the  lenses^ 
and  it  will  be  coloured  by  the  excess  of  the  dis- 
persive power  of  the  fiint  above  that  of  the 
crown-glass.  In  this  case,  therefore,  the  com- 
bincd  lenses  will  not  have  a  positive  focus.—* 
But,  since,  in  the  same  medium,  the  angle  of 
dispersion  increases  or  diminishes  with  the  angle 
of  deviation,  we  can  diminish  the  refraction 
and  dispersion  of  the  concave  lens  by  diminish- 
ing its  concavity,  or  the  refracting  angle  of  the 
corresponding  prism.  Now,  let  the  concavity 
of  the  lens  CD  be  diminished  till  its  dispersion 
be  equal  to  the  dispersion  of  the  lens  AB^  its 
refraction  or  power  of  bending  the  incident 
rays  will  also  be  diminished ;  then^  since  the 
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dispersion  of  the  concave  lens  is  equal  to  (he 
cliispersion  of  the  convex  one^  and  its  curvature 
less,  the  ray  /a V  will  emerge  perfectly  colour- 
less, and  will  be  bent  ioward»i\\^  axis  of  the 
lenses,  as  the  convergency  of  the  incident  ray 
occasioned  by  the  convex  lens,  is  not  wholly 
counteracted  by  the  divergency  produced  by 
the  concave  one.  In  the  same  manner,  every 
other  ray  falling  upon  the  surface  o{  AB  will 
be  refracted  colourless  into  a  positive  focus^ 
and  an  image  will  be  fonned  perfectly  achro* 
inatic. 

From  what  has  been  said  concerning  the 
double  achromatic  object-glass,  it  will  be  easy 
to  comprehend  how  a  colourless  image  is  form* 
ed  by  a  combination  of  three  lenses,  which  is 
now  universally  adopted  for  the  purpose  of  di- 
PiATsXL.minishing  the  spherical  aberration.  In  Fig.  7- 
*'*^-  ^'  let  J2?,  CD,  EF,  be  the  three  lenses  which  com- 
pose  the  triple  object-glass,*  AB^  and  jKjP,  be- 
ing convex,  and  of  crown-glass,  and  CI)  con- 
cave, and  made  of  flint-glass ;  and  let  aft,  cd^ 
efy  be  corresponding  prisms,  which,  if  substi- 
tuted instead  of  the  lenses,  wouhl  refract  and 
disperse,  in  a  similar  manner,  any  ray  of  light 
which  falls  upon  the  points  q.  nu  r.  ^  g^  ji^  where 
the  sides  of  the  prisms  are  supposed  to  touch  the 
surfaces  of  the  lenses.  Suppose,  also,  wiiich 
is  generally  the  case,  that  the  two  convex  lenses 
have  equal  focal  distances,  and  that  the  focal 
distances  of  either  lens  is  greater,  or  their  cur- 
vature less,  than  tliat  of  the  concave  one,  whose 
dispersion  exceeds  that  of  the  lens  AB  ;  a  ray 
then,   O^  of  white  light,  incident  at  ^,  will, 

•  Tlic  lenses  are  ])laced  at  a  distance  from  each  oilier  in  the 
fig-urc,  tliatihc  progress  of  the  incident  ray  may  be  more  easily 
pcrceired. 
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««^fter  refraction  by  the  lens  dB,  be  separated 
into  its  component  parts,  and  proceed  in  the 
direction  mrMy  nsV;  mvR  being  the  extreme 
red  ray,  and  ns  V  the  extreme  violet.  But  as 
these  rays  are  iDtcrccpted  by  the  lens  CJ9,  at 
the  points  r,  «,  they  will  undergo  another  re- 
fraction  in  a  contrary  direction,  and  will  pro- 
ceed according  to  the  dotted  lines  fr,  ov.  These 
rays  will  diverge  after  refraction,  and  be  bent 
frdfii  the  axis  of  the  lenses^  since  the  refraction 
as  well  as  the  refracting  angle  of  the  prism  cdf 
or  lens  CDy  exceeds  the  refraction,  and  refract- 
ing angle  of  the  prism  aft,  or  lens  nlB ;  for 
though  the  violet  ray  qns  is  bent  from  the  red 
ray  qmr^  by  the  refraction  of  the  lens  JIB,  it  is 
again  bent  towards  it  by  the  superior  refraction 
ef  the  concave  lens,  and  they  will  therefore 
converge  to  one  another  in  the  direction  tr^  ov. 
In  this  case,  the  excess  of  dispersive  power 
in  the  concave  lens  tends  only  to  delay  the  mu- 
tual couvcrgcncy  of  the  red  and  violet  rays,  or 
to  remove  the  point  where  they  would  meet 
farther  from  the  lens  CD.  Now,  it  is  evident^ 
that  two  rays  of  different  rcfrangibility  falling 
upon  a  prism  or  lens  with  different  angles  of 
incidence,  may  emerge  with  the  same  angle  of 
refraction,  or  may  be  united  at  their  emersion 
from  the  prism  or  lens ;  for,  in  this  case,  their 
difierence  of  rcfrangibility  counteracts  the  dif- 
fere  nee  between  their  ancles  of  incidence.  The 
red  and  violet  rays  or,  tv,  therefore,  which  fall 
upon  the  lens  EF,  with  different  angles  of  in- 
cidence, will,  after  refraction  by  the  third  lens^ 
proceed  perfectly  colourless  in  the  direction 
j)^Y.  In  the  same  manner,  all  the  rays  which 
proceed  from  any  object,  emerging  colourless 

VOL.  IT.  3g 
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firom  the  triple  object-glass,  will  unite  in  one. 
point,  and  form  an  image  completely  acliro- 
matic. 

Having  thus  discovered  that  light  could  be 
Infracted  without  colour,  the  next  object  of  phi- 
losophers was  to  ascertain  the  curvature  which 
must  be  given  to  lenses,  in  order  to  produce  this 
effect,  and  likewise  to  correct  the  spherical 
aberration.  This  subject  has  been  treated  with 
the  greatest  ability  by  several  foreign  ma(he- 
maticians,  but  particularly  by  Euler,^  D'Alem- 
bert^t  Clairault4  Boscovich,^  and  Kluge].|| 
The  writings  of  these  philosophers  furnish  us 
with  the  most  complete  and  accurate  information 
upon  this  point;  and  art  has  in  this  case  received 
from  science  all  the  assistance  which  she  can 
possibly  bestow.  It  shall  be  our  object  at  pre- 
sent to  reduce  the  results  of  their  investigations 
either  into  tables,  or  into  such  a  form  as  may 
be  easily  comprehended  by  the  practical  opti- 
cian, and  thus  to  furnish  the  artist  with  a  po- 
pular view  of  this  interesting  subject.  For  this 
purpose,  the  celebrated  Eulerhas  given,  in  his 
dioptrics,^  two  formulas,  from  wluch  we  have 
calculated  the  two  following  tables,  containing 

•  Cnmmentarii  Novi  Acadcm.  Vetropolltanac,  Tom.  18,  p.  407. 

t  Mcmoires  dc  L*Acad.  Royalc,  Par.  1764,  8ro,  p.  139;  1765, 
8\o,  p.  81,  and  1767,  4to,  p.  43. 

i  Memoiresde  TAcad.  Royale,  Par.  1756,  8vo,  p.  612  j  1757, 
8vo,  p.  853,  and  176:2. 

$  H.  J.  IJoscovichii  Opera  pertinentia  ad  Opticam  et  Astrono- 
miam,  liassani.  1785,  Tom.  1,  Opusc.  2,  p.  169. 

II  Commentatlones  Res.  Soc.  Gotlingensis,  1795  to  1798,  Tom. 
13,  p.  28. 

f  The  mean  refraction  of  the  crown-f^Uss  is  supposed  to  be 
1.53,  and  that  of  the  flint-glass  1.58,  and  their  dispersive  pow- 
ers as  2  to  3. 
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the  radii  of  curvature  for  the  lenses  of  a  triple 
object-glass. — ^The  first  column  contains  the 
focal  distance  of  the  lenses  when  combined; 
and  the  six  following  columns  contain  the  ra- 
dii of  their  curvature  in  inches  and  decimals^ 
beginning  with  the  surface  next  the  object. 


TABLE  I. 

Table  of  the  radii  of  curvature  of  the  lenses  of 
a  Triple  Achromatic  Object-Glass,  ac^ 
cording  to  Euler^s  first  formula. 


Focal 
length. 


Inches. 


6 
9 
12 
18 
34 
30 
36 
4S 
48 
54< 
60 


Convex  lens  of 
crown-glass. 


Concave  lens  ofConvex  lent  of|Semi-a^ 
flint-glass. 


Inches 


Inches. 


Inches 


64)13 


3.00  22.00  3.10  3.91 

4.50  33.00  4.6d  4<.36 

6.00  44.00  6.S0  5.82 

9.00  66.00  9.30  8.73 
13.00  88.00 
15.01 109.99 
18.01 131.99 

21.01 153.99;21.70|30.3731.91 
24.02175.99^.8023.3835.04133 
27.02 197. 99^7-9026 
30.03219.99i31 .0029.06  31.31 


Inches 


12.4011. 

15.50 14<.53 

18.6017.44118.8017 


crown-glass. 


pertiire 


Inches 


3.13 
4.70 
6.26 
9.40 
.52 
15.65 


inches. 


2.85 
4.28 
5.70 
8.56 
11.40 

14.27 
.12 

19.97 
.80 

.69 


Incbn. 


0.71 
1.07 

1.43 
3.14) 
2.86 
3.06 
4.38 
4.99 
5.71t 
6.«8 

7.13 
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TABLE  n. 

Table  of  the  radii  of  curvature  of  the  lenses  of 
a  Triple  Achromatic  Object-Glass,  ac- 
cording to  Euler^s  second  formula. 


Focal 


Inches. 


6 
9 
12 
18 
IMi 
80 
36 
43 
48 
d4 
60 


Convex  lens  of 
cPown-g'la«8. 


Inches. 


1.701 
2.55 
8.40 
6.09 
6.80 
8.49 
10.19 

11.89 
13.60 

15.37 
16.97 


Indies, 


Concave  lens  of 
flinl-g'lass. 


Convex  lens  of 
crown -gflass. 


Semi-a- 
perture 


Inrlu-s.  1 1 iichfs.l inches 

1S.44I  13.88 


18.66 
24.87 
37.31 


19.31 

25.75 
38.63 


1.77,  3-56 
2.66;  5.341 
3.55'  7.13 
5.3210.69 


49.74.  51.50  7.1014.25 


62.19  64..38|  8.86I7.8I 
74.63  77.2610.6321.37 
87.07  90.14'l2.4024.93 
99.48 103.02'l4.1728.49 
111.93115.8715.9632.07 
124.37 128.75;i7.73,35.63 


lMChe> 


15.00 
23.01 
30.01 
45.01 
60.02 
75.03 
90.02 
105.03 
120.03 
135.04 
150.04 


I'li.hes. 


0.42 
0.64 
0.85 
1.27 
1.70 
2.12 
2.54 
2.96 
3.39 
3.82 
4.24 


Tlio  only  person  in  our  country  who  has 
written  upon  the  theory  of  achromatic  object, 
glasses,  is  tiie  late  learned  Dr.  Robison  of  £d< 
inburgli,  who,  following  the  steps  of  Clairault 
and  Boscovich,  has  given  an  able  dissertatioa 
upon  this  subject.*  From  the  formulse  con- 
tained in  that  distjertation^  the  following  table 
is  computed. 


•  Article  Telescope,  Encyclopocdia  Britannica,  vpl.  18,  p.  338. 
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TABLE  m.* 

Table  of  the  apertures  and  radii  of  curvature 
of  the  lenses  of  a  Triple  Object-Glass, 


^ 


■  ft 


Focal 
length. 


Inches. 


6 
9 
12 
18 
24 
30 
36 

48 
64i 
60 


Convex  lens  of 
crown-glass. 


Inches. 


4.94 

6.83 

9.25 

13.67 

18.33 

22.71 
27.88 


31. 
36. 
40. 
45.42 


Inches 


8721 


4224 
9627 


3.03 

4.56 

6.17 

9.12 

12.25 

15.16 

18.25 

.28 

.33 

.36 

30.33 


Convex  lens  of  Convex 
flint-glass. 


Inches 


Inches 


3.03  6.36 
4.56  9.54 
6.1712.75 
9.1219.08 
12.2525.5025 

15.1631.79 
2538.17 


18. 

21.28144.53144 
24.3350.92 
27.3657.28 
30 .83163.58 


lens  of 
crown-^lass. 


Inches. 


6.36 

9.54 

12.75 

19.08 

.50 

31.79 

88.17 

.53 

50.92 

57.28 

63.58 


Inches, 


0.64 
0.92 
1.28 
1.92 
2.56 
3.20 

4.48 
S.12 
5.76 

6.  4 


The  reader  will  observe,  that  only  three  pair 
of  grinding-tools  are  necessary  for  construct- 
ing a  telescope  according  to  the  preceding  ta- 
b}e ;  but  the  work  may  be  performed  by  only 
two  grinding-tools,  if  the  radii  of  curvature  be 
employed,  which  are  contained  in  the  follow- 
ing table,  computed  from  the  formuliB  of  Bos- 
covich. 


*  A  telescope  30  inches  in  focal  lenj^th  cotiftracted  according 
to  this  table,  bore  an  aperture  of  3  t-5  inches. 


0 


4i4 
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TABLE  IV. 


,«* 


Focal 

Radii 

of  the  four  iw- 

Radio*  of  the  two  aur- 

LeiiKth- 

faces  of  the  two  len- 

faces of  the  concKre 

ses 

of  crown-glass. 

lens  of  flint-plasB. 

Inches. 

Inches. 

Inches. 

6 

3.94< 

3.17 

9 

6.76 

4.75 

IS 

7.68 

6.34 

18 

11.03 

9.90 

9« 

19.36 

1S.68 

80 

ig.so 

19.84 

36 

S8.04! 

19.00 

4S 

26.88 

23.17 

4S 

30.7a 

29.36 

S4 

34.66 

28.91 

60 

38.40 

31.68 

TABLE  V. 

The  radii  of  curvature  emfUoyed  by  the  London  ofitieiam 
are  firetty  nearly  represented  in  the  foUomng  tabk^ 
which  ia  calculated  from  Dr,  Kobiaon*a  meaauremcnia. 


Focal  jConvex  lens  of  Radius  of  both  the  sur- 
Length 


Inches. 


6 

9 
12 

18 
24 
30 
36 
42 
46 
04 
60 


crown-glass. 


faces  of  the  concave 
lens  of  flint-frliBs. 


Inches. 


8.77 

0.69 

7-94 

11.30 


Inches. 


4.49 
6.74 
8.99 

13.48 


19.0817.98 
18.3422.47 
22.61 26.96 
26.3831.49 
30.1639.96 
33.91 40.49. 
37.6844.94l 


Inches. 


3.47 
0.21 
6.90 

10.42 
13.90 

17.37 

20.84 

24.31 
87.80 

31.27 
34.74 


Convipt  lens  of 
crown  .glaM. 


Inches. 


3.77 
0.60 

7.04 
11.30 
10.08 


Inches. 


4.49 
6.7* 

o«9v 
13.46 

17.98 


18.3422.47' 
22.61 26.90 
26.3831.49 
30.1630.96 
33.91 40.45 
37.68144.9* 
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Two  of  DoUand's  best  achromatic  telescopes 
being  examined^  were  found  to  have  their  lenses 
of  the  following  curvatures^  reckoning  from  the 
surface  next  the  object.  Crown-glass  lens  S8 
inches^  and  40.    Concave  lens  30.9  inches^  and  i.      -   '^ 

S8.     Crown-glass  lens  S8.%  and  28.4.     The  , 

focal  length  of  this  instrument  was  46  inches. 
In  the  other  telescope^  whose  focal  length  was 
46.3  inches^  the  curvature  of  the  1st  lens  was 
S8  and  35.5  inches;  the  second  lens  Sl.l  and 
25.75,  and  the  3d,  28  and  28.  Both  these  te- 
lescopes magnified  from  100  to  200  times,  ac- 
cording to  the  powers  applied. 

The  Due  de  Chaulnes  having  in  his  posses- 
sion one  of  Dolland's  best  telescopes,  whose 
focal  length  was  3  feet  9  inches  4.25  lines,  made 
a  variety  of  accurate  experiments  in  order  to 
determine  the  curvature,  thickness,  and  dis- 
tance, of  its  lenses,  and  found  them  to  be  of  the 
following  dimensions.^  Radius  of  the  1st  sur- 
face, or  the  surface  next  the  object,  25  inches 
11.5  lines.  Radius  of  the  2d  surface  32  inches 
8  lines.  Radius  of  the  3d  surface  17  inches 
10  lines.  Radius  of  the  4th  surface  24^  inches. 
Radius  of  the  5th  24|  inches ;  and  the  radius 
of  the  6th  26  inches  and  10.6  lines.  Thickness 
'  of  the  1st  lens  at  its  axis  2.11  lines ;  thickness 
ofthe  2d  1.59  lines;  thickness  of  the  3d  2.18 ; 
and  the  thickness  of  the  whole  lens  5.91  liues.f 

*  These  experimentB  are  detailed  at  f^reat  lefi|i^h  in  the  Mt- 
moires  de  I'Acadamie,  KoyaL  Par.  1767*  4to»  p.  423. 

f  For  the  dimensions  of  the  eye-piece  of  this  telescope,  see 
the  article  •h  ^chrematic  eife-piecei,  p.  425. 
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Tables  for  double  achromatic  object-glasses* 

The  following  table^  calculated  from  the  for- 
mulae of  Boscovich^  contains  the  radii  of  curva- 
ture for  the  lenses  of  a  double  achromatic 

OBJKCT-GLASS. 


TABLE  VL 

Focal 

* 

Convex  lens  of  crownHIPoncaTe  lens  of  flint- 

Leng^th 

Kl> 

ins. 

gflass. 

Inches. 

Inches. 

Incties 

Inches. 

Inches. 

6 

1.94 

1.91 

1.91 

9.49 

9 

S.91 

S.86 

2.86 

14.24 

IS 

3.88 

3.82 

3.82 

18.99 

18 

9.83 

5.73 

6.73 

28.48 

S4< 

7.76 

7.63 

7.63 

36.99 

30 

9.70 

9.54 

9.54 

47.47 

36 

11.64 

11.49 

11.45 

56.97 

43 

13.38 

13.36 

13.36 

66.46 

48 

15.51 

15.27 

15.27 

73.98 

04 

1745 

17.17 

17.17 

85.47 

60 

19.39 

19.08 

'  19.08 

94.99 

70 

22.62 

22.26 

1  82.26 

IIO.TT 

80 

25.86 

25.44 

85.44 

126.60 

90 

29.09 

28.62 

28.62 

142.42 

100 

32.32 

31.80 

,  31.80 

158.29 

Optics. 

ttk  the  following  table^  calculated  from  Dr. 
Robison'd  measurements^  the  reader  will  find 
the  radii  of  curvature  which  are  employed  by 
the  London  artists  in  the  construction  of  the 
double  achromatic  object-glass. 

TABLE  Vn  * 


«y 


,; 


Focal 

ConTex  leng  of  crown- 

Concave  lens  of  flint- 

lv,'n^th 

fU 

ISS. 

irl' 

MS. 

lnciie>^- 

Inches. 

Inclieii. 

liirhcs. 

Inches. 

6 

1.76 

2.12 

2.07 

6.88 

9 

3.64 

3.17 

3;10 

10.33 

13 

3.53 

4.23 

4.13 

13.77 

18 

5.39 

6.85 

6.30 

20.65 

34 

7.05 

8.46 

8.26 

27.64 

30 

8.81 

10.98 

10.33 

34.4® 

36 

10.58 

12.69 

12.39 

41.30 

42 

12.34 

14.81 

14.46 

48.18 

48 

14.11 

16.93 

16.52 

55.07 

54 

15.87 

19.04 

18.59 

61.96 

HO 

17.63 

21.16 

20.66 

68.84 

70 

20.57 

24.68 

24.10 

80.32 

80 

33.50 

28:21 

i  ^.94 

91.79 

90 

26.44 

31.73 

i  30.99 

103.27 

100 

29.38 

33.26 

34.43 

114.74 

Although  it  has  been  the  practice  in  this  couti- 
try  to  construct  only  double  and  triple  achroma- 
tic object  glasses^  yet  they  may  be  composed 
even  of  four  or  five  lenses^  the  convex  ones  of 
crown-glass^  and  the  concave  ones  of  flint-glass 

*  In  this  and  the  six  preceding  tables,  the  sine  of  incidence  to 
the  sine  of  refraction  is  supposed  to  be  as  1.52^to  1  in  the  crown- 
glass,  and  as  1.604  to  1  in  the  flint-glass ;  and  tbc  ratio  of  the  dif- 
ierences  of  the  sines  of  the  extreme  rays  in  the  crown  and  flint* 
glass  0.6054. 
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being  placed  in  an  alternate  order.  By  aug- 
menting the  number  of  media^  indeed^  a  qaan- 
tity  of  light  must  be  lost^  and  the  labour  of  tht 
artist  greatly  increased ;  but  M.  Jeaurat  infonu 
us,  that  he  constructed  a  compound  object-glass 
5  inches  and  10  lines  in  focal  lengthy  which  bore 
an  aperture  of  1^  inch,  while  the  best  achro- 
matic telescopes  of  6  inches  focus^  constructed 
in  England,  had  an  aperture  of  only  an  inch 
and  a  quarter.  To  such,  therefore,  as  wish  to 
construct  object-glasses  of  this  description^  the 
following  table,  containing  their  radii  of  curva- 
ture, may  probably  be  acceptable. 

TABLE  Vin.* 


Focal  length  of  Radius  of  the  sis 
the  compound.tnterior  surfaces. 
oSjert-chiss.   i 

(Radius  of  the  two 
exterior  surfaces. 

Aperture  of 
tiie  object, 
glass. 

Feet 

Inches. 

1  Feet. 

Inch.  Dec. 

Feet.  IncI).  Dec 

Inch.  Dec. 

0 

4 

0 

3.08 

0     3.58 

1.39 

0 

6 

0 

4.S0 

0     5.33 

1.90 

0 

8 

0 

5.93 

0    7.08 

1.83 

0 

10 

0 

7.33 

,   0     8.83 

2.17 

1 

0 

0 

8.83 

0  10.58 

3.39 

2 

0 

1 

9.33 

1     9.17 

3.58 

3 

0 

3 

1.83 

3    7-67 

3.93 

4 

0 

a 

4.43 

3     6.35 

3.39 

9 

0 

3 

6.93 

4    4.75 

3.98 

6 

0 

.4 

3.50 

6    3.33 

3.93 

7 

0 

5 

0.00 

6     1.83 

4.17 

8 

0 

5 

8.58 

7    0.43 

4.90 

9 

0 

6 

5.08 

"7  11.00 

4.83 

10 

0 

7 

1.58 

8     9.50 

9.17 

*  This  table  supposes  that  the  mean  refraction  of  the  crown- 
glass  ia  lo  that  of  the  flint -^lass  as  1000  to  1045,  and  their  dis- 
f>crsivc  powers  as  200  to  353, 
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Though  it  is  demonstrable  that  a  telescope 
constructed  according  to  the  preceding  tables^ 
and  formed  of  slass,  whose  refractive  and  dis- 
persive power  IS  similar  to  that  which  was  em- 
ployed in  ihe  formulae  upon  which  these  tables 
are.  founded^  will  form  an  image  perfectly  dis- 
tinct and  colourless ;  yet  it  is  so  difficult  to  pro- 
cure flint-glass  of  the  same  refractive  and  dis- 
persive power^  that  it  is  almost  impossible  for  a 
private  individual  to  succeed,  even  after  several 
trials.  The  London  opticians  have  always  at 
hand  a  number  of  lenses  of  various  curvatures^ 
and  different  powers  of  refraction  and  dispersion, 
and  by  selecting  such  as  answer  best  upon  trial, 
they  are  enabled  without  much  trouble  to  con- 
struct an  object-glass  in  which  the  spherical  and 
chromatic  aberrations  are  almost  wholly  correct- 
ed. Those,  therefore,  who  are  not  furnished 
with  a  sufficient  number  of  lenses  must  necessa- 
rily meet  with  frequent  disappointments  in  their 
attempts  to  construct  achromatic  telescopes ; 
and  the  only  way  of  preventing  these  disappoint, 
ments,  and  renderingipuccess  more  certain,  is  to 
have  a  variety  of  tabl^,  which,  being  founded  on 
different  conditions,  give  different  curvatures  to 
the  lenses.  If  the  artist  should  be  unsuccessful, 
either  from  the  nature  of  the  refracting  media 
which  he  employs,  or  from  giving  the  lenses  a 
greater  or  less  curvature  than  the  table  requires^ 
he  may  with  very  little  trouble,  sometimes  with 
altering  the  radius  of  a  single  surface,  adapt  the 
lenses  to  the  conditions  of  some  other  table,  and 
in  all  probability  obtain  a  more  favourable  re- 
sult. With  the  view  of  facilitating  these  at- 
tempts, we  have  computed  the  eight  preceding 
tables,  and  for  the  same  purpose  we  shall  sub- 
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join  the  following  different  forms  of  achromatie 
object-glasses  from  Boscovich  and  Klugel. 

In  these  forms  a  represents  the  first  surface 
of  the  compound  lens^  or  that  M'hich  is  next  the 
object^  b  the  second  surface,  a'  the  third,  b'  the 
fourth,  a"  the  fifth,  ^nd  b"  the  sixth ;  a,  b^  a'%  ft", 
representing  the  radii  of  curvature  for  the  cdn- 
vex  lenses  of  crown-glass,  and  a',  b'y  the  curva- 
ture  of  the  concave  lens  of  flint-glass.  The  fo- 
cal distance  of  the  first  lens,  or  that  whose  sur- 
faces are  marked  a,  ft,  is  represented  by  Xy  that 
of  the  second  by  y,  and  that  of  the  third  by  z, 
^hile  the  focal  length  of  the  compound  lens  is 
distinguished  by  the  letter  F. 


Forms  for  triple  object-gla^seSy 


I. 


a=6=a"=6"=0.6412  a:=0.6096 

a'=0.5327  "           y=0.4384 

6'=0.5367  55=0.6096 
JP=1 

In  this  form  the  two  lenses  of  crown-glass 
are  isosceles,^  and  have  the  same  curvature 
and  focal  distance.  The  middle  lens  of  flint- 
glass  is  nearly  isosceles,  and  may  be  made  so 
in  practice,  so  that  only  two  grinding-tools  are 
necessary  for  this  form^ 


*  A  lens  is  called  isoscelet  when  both  its  surfaces  haye  the  same 
doryaturc." 


m 
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n. 


THE  TWO  FIRST  LENSES  ISOSCELES^ 

a=zbs:a'=b' =0.5S0  x=0.5038 

a"=i.316  9=0.4388 

6"=0.3046  x=0.77S7 

m. 

THE  FIRST  AND  THIRD  LENSES  ISOSCELES. 

a=ft=.a"=6"=0.6l6 

a'=0.680d  F=:i 

ft'=0.8790* 

IV. 

•     IIHE  two  first  LENSES  ISOSCELES. 


a=i=a'=&'=0.4748 
. »  =0.4383 
V. 

THE  SECOND  AND  THIRD  LENSES  ISOSCELES. 

a=0.5721 

5=1.8744 

o=6^=o"=ft"=0.45'48 


*  In  these  two  foms  the  refractive  and  dispenire  pover  of    , 
tbe  glass  is  supposed  the  8«me  as  in  the  note  on  p.  41T. 
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pressed  in  feet  or  inches^  and  the  result  wilt  be 
the  proper  radii  of  curvature  in  feet  or  inches. 
Thus  let  it  be  required  to  construct  a  double 
achromatic  object-glass  according  to  the  first  of 
these  forms,  whose  focal  length  shall  be  20 
inches^  we  will  have 

a=&=:S0x0.3£06=  6  inches  and  ^V  nearly;  * 
a'=20x0.3201=  6  inches  and  ^^  nearly; 
&'=30x  1.533  =30  inches  and  ^j^  nearly; 
ar=a0x0.3408=  6  inches  and  y*^  nearly; 
y=:20x 0*4384=  8  inches  and  ^'^  nearly; 
andjP=20xl  =20  inches. 

Achromatic  object-glasses  may  be  much  im- 
proved by  interposing  pure  turpentine  varnish 
between  the  concave  and  convex  lenses.  By 
this  means  the  reflection  from  the  internal  sur- 
faces is  removed,  and  that  loss  of  light  pre- 
vented which  arises  from  an  imperfect  polish 
of  the  surfaces.  M.  Putois,  an  optical  instru- 
ment maker  in  Faris^  is  said  to  have  discover- 
ed that  the  best  medium  for  this  purpose  is 
mastich^^  a  transparent  resinous  substance, 
which  is  exuded  from  the  lentiscus-trce  in  the 
island  of  Chio^  and  brought  to  tills  country  in 
grains  or  tears. 

Achromatic  telescopes  have  also  been  con- 
structed, by  substituting  transparent  fluids  in- 
stead of  the  concave  lens  of  flint-glass.  For 
this  discovery  we  are  indebted  to  the  ingenious 
Dr.  Robert  Blair,  who  has  given  an  account  of 
his  experiments  in  the  3d  volume  of  the  Trans- 
actions of  the  Royal  Society  of  Edinburgh,  to 
which  we  must  refer  the  reader,  after  giving  & 
description  of  one  of  these  fluid  object-glasses. 

•  Traite  Elcmcntaire  de  Phrsiquc  par  Brisson,  torn.  ii.  §  1657. 
p.  428. 
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If  pare  spirit  of  turpentine  be  interposed  be- 
twe^en  two  convex  lensels  of  crown-glass,  hav- 
ing the  radii  of  their  surfaces  as  6  to  1  with  the 
most  convex  sides  turned  inwards,  the  image 
formed  by  this  combination  will  be  perfectly 
achromatic.  The  spirit  of  turpentine  has  the 
form  of  a  double  concave  lens,  and  as  its  re- 
fractive and  dispersive  powers  differ  from  those 
of  crown-glass,  it  will  act  in  every  respect  like 
a  lens  of  flint-glass.  The  writer  of  this  article 
constructed  an  object-glass  of  this  kind,  hav« 
iug  36  inches  of  focal  length,  but  found  it  trou- 
blesome to  keep  it  in  order. 

On  achromatic  eye-piecea. 

Although  a  brief  account  of  the  achromatia 
telescope  has  been  given  by  those  who  have 
written  upon  optics,  since  the  invention  of  that 
ipstrument,  yet  these  authors  have  unaccount- 
ably overlooked  the  construction  of  achromatic 
eye-pieces.  Dr.  Robison,  indeed,  has  treated 
this  subject  at  considerable  length,  after  Bos* 
covich,  but  has  furnished  almost  no  informa- 
tion to  the  practical  optician.  On  this  account 
we  shall  dwell  a  little  longer  upon  this  point, 
than  what  might  otherwise  be  thought  neces- 
sary in  a  work  like  ours.  In  order  to  correct 
the  error  arising  from  the  unequal  refrangibili- 
ty  of  light  in  the  eye-pieces  of  telescopes,  we 
are  not  under  the  necessity  of  using  compound 
lenses  of  crown  and  flint-glass,  as  this  'species 
of  aberration  can  be  completely  removed  by  a 
particular  arrangement  of  the  eye-gladses  which 
are  employed  for  erecting  the  object.  In  small 
pocket-telescopes,  however^  as  opera-glasses^ 
APc.  where  it  would  be  vexy  iBConvenient  to 
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apply  a  long  eye-piece^  these  compound  lenses 
should  be  adopted^  and  may  consist  either  of 
two  or  three  glasses^  with  the  following  cunra- 
tures. 


farms  for  a  double  eye-glass, 

L 

BOTH  LENSES  ISOSCELES.^ 


asid=:0.d39  yzz0.43S 

n. 

FIRST  LENS  ISOSCELES. 

b'zzi.6i7  9=0.438 

Forms  for  a  triple  eye-glass. 

I. 

ALL  THE  THREE  LENSES  ISOSCELES* 

fl=6=a":=6\=iO-640  a;=a7=0.608 

a=&=0.529  y=0.438 

n. 

FIRST  LENS  ISOSCELES. 

,   a=6  :=0.810  »=ar=0,608 

6=:a  =ft  =a  \=0.S29  y=0.438 

*  The  letters,  a,  b,  x,  y,  ^c.  represent  the  same  quAntities 
m  page  420.        '. 


t 
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.  If  it  is  required  to  erect  the  object  as  in  tbe 
Galilean  telescope^  the  middle  lens  of  flint-glass 
must  be  made  convex^  and  the  other  lenses  con- 
eave^  but  with  the  same  radii  of  curvature^  so 
^hat  the  concavity  of  the  compound  lens  may 
predominate. 


On  eye-piecea  with  three  lenaea,  which  remove 
the  chromatic  aberration. 

The  three  lenses  must  be  made  of  the  same 
kind  of  glass^  and  may  be  of  any  focal  length. 
The  distance  between  the  first  and  second^  or 
the  two  next  the  object,  must  be  equal  to  the 
sum  of  their  focal  distances,  and  the  distance 
between  the  second  and  third  must  exceed  the 
sum  of  their  focal  distances,  by  a  quantity 
which  is  a  third  proportional  to  the  distance  be- 
tween the  first  and  second,  and  the  focal  length 
of  the  second  lens ;  or,  in  other  words,  the 
distance  between  the  second  and  third  lenses 
must  be  equal  to  the  sum  of  their  focal  dis- 
tances, added  to  the  quotient  arising  from  the 
square  of  the  focal  distance  of  the  second  lens, 
divided  by  the  sum  of  the  focal  distances  of  the 
first  and  second.  These,  and  other  circum- 
stances which  should  be  attended  to  in  the 
construction  of  achromatic  eye-pieces,  will  be 
better  understood  by  expressing  them  alge- 
braically. 

Thus,  let  F  be  the  focal  length  of  the  object- 
glass,  and  Xy  y,  ^,  the  focal  distances  of  these 
eye-glasses,  reckoning  from  that  which  i^  near« 
est  the  object.    Then  we  will  have 


.*. 


•■v; 


Optics. 

i  The  distance  between  the  first  and  second 
lenses  -  -  ^+| 

2  The  distance  between  the  second 

and  third  -  -  y+»+-^ 

3  Distance  of  the  first  lens  from  the 

focus  of  the  object-glass  -  ^ 

4j  Magnifying  power  of  the  eye-piece        ^ 

B  Focal  distance  of  a  single  lens, 

with  the  same  magnifying  power  - 

6  Distance  of  the  eye  from  the  third  lens      % 

7  Length  of  the  whole  eye-piece     x+2y^z 

8  Length  of  the  whole  telescope  F+x-fSy-^ 

9  Aperture  of  the  lenses*  a,a',a'\*.a'=a'',a=— 

iO  The  aperture  of  the  diaphragm, 
or  field  bar,  or  m,  should  be  a 
little  less  than  .  .  a 

and  should  be  placed  in  the  fo- 
cus of  the  object-glass. 

11  The  field  of  view  is  nearly        .  5*i55: 

J  Although  the  aberration  of  colour  will  be 
completely  removed  by  making  the  lenses  of  any 
focal  length,  and  placing  them  at  the  distances 
indicated  by  the  preceding  formulas,  yet  it  b 
preferable  to  make  the  first  and  second  lenses 
of  the  same  focal  length,  and  to  give  the  third 
a  less  focal  distance,  and  make  its  distance  from 
the  second  equal  to  its  own  focal  length,  added 
to  1|  the  focal  distance  of  one  of  the  other 

*  The  apertures  of  the  lenses  may  be  made  equal  to  one  an* 
ot*her,  but  should  never  be  greater  than  half  the  focal  distance  of 
the  third  Icni. 
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lenses ;  for,  in  tliis  case,  where  x  and  y  are 
equal,  the  expression  -i^,  which,  when  added 

^  y+^9  expresses  the  distance  between  the  se- 
cond and  third  lenses,  becomes  ^y.*  Beside 
the  simplicity  of  this  combination,  it  has  ano- 
ther advantage,  for,  the  magnifying  power  of 
the  eye-piece  is  always  equal  to  the  magnify- 
ing power  of  the  third  lens.     This  is  evident 

from  the  fifth  formula  ii,  which  becomes  =^ 

y 

when  X  and  y  have  the  same  value.  So  that 
in  this  construction,  when  we  wish  to  give  a 
certain  magnifying  power  to  a  telescope,  we 
have  only  to  take  such  a  focal  length  for  the 
third  lens  as  will  produce  this  magnifying 
power,  and  make  the  focal  length  of  the  other 
two  a  little  greater  than  that  of  the  third.  By 
increasing  the  focal  lengths  of  the  two  first 
houses,  the  image  is  not  injured  by  any  parti- 
cles of  dust  which  may  be  lying  on  their  sur- 
face, and  the  spherical  aberration  is  also  di- 
minished, f  By  augmenting  the  curvature  of 
the  third  lens,  however,  we  contract  the  field 
ot  view,  which  ought,  if  possible,  to  be  avoid- 
ed. This  may  be  avoided,  indeed,  as  Bosco- 
vich  has  shown,  by  making  the  third  lens  con- 
sist of  two  convex  ones  of  the  same  glass,  their 
surfaces  being  in  contact,  and  their  focal  lengths 
equal.  From  long  experience,  he  found  that 
eye-pieces  of  this  construction  are  superior  to 
all  others,  and  that  the  error  arising  from  the 

*  Since  or  =s  v  in  this  case,  -^ —  it  ssiL.  xs  £  or  i  v  for 

f  In  all  the  eye-pieces  the  spherical  aherration  will  be  dimin* 
iahed  by  making^  the  lenses  plano-convez^  the  plane  surfaces  bt- 
ing  turned  to  the  eye. 
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spherical  figure  of  the  glass  is  greatly  dimi- 
nished^ by  making  all  the  lenses  plano-convex^ 
and  turning  the  plane  sides  to  the  eye,  excepting 
the  second  lens,  whose  plane  surface  should  be 
turned  to  the  obj  ect.  All  the  lenses  may  be  made 
of  the  same  focal  length,  and  then  the  distyice 
between  the  first  and  second,  and  the  second  and 
third,  will  be  equal  to  the  sum  of  their  focal  dis- 
tances. In  this  case,  the  third  and  fourth  lenses^ 
which  are  joined  together,  are  considered  as  a 
single  lens,  whose  focal  length  is  equal  to  one 
half  the  focal  length  of  either  of  the  two.  The 
apertures,  too,  may  be  all  equal,  and  the  field-bar 
must  be  a  little  less  than  any  of  the  apertures. 
In  all  kinds  of  achromatic  eye-pieces  which 
arc  composed  of  single  lenses,  flint-glass  should 
be  employed,  because  it  has  the  greatest  refrac- 
tive power,  and  therefore  requires  a  less  curva- 
ture to  have  the  same  focal  distance.  The 
spherical  aberration,  consequently,  which  al- 
ways increases  with  the  curvature  of  the  lenses, 
will  be  less  in  a  flint-glass  eye-piece^  than  in 
one  of  crown-glass.  Flint-glass,  indeed^  pro- 
duces a  greater  separation  of  colours^  bat  the 
error  arising  from  this  cause  is  completely  re- 
moved by  the  proper  arrangement  of  the  lenses. 

On  et/e-pieces  with  four  lenaesj  which  retnape 
the  chromatic  aberration. 

A  good  achromtatic  eye-piece  may  be  made 
of  four  lenses,  if  their  focal  lengths,  reckoning 
from  that  next,  the  object,  be  as  the  numbers 
14,^1,  279  33,  their  distances  S3,  44^  40^  and 
their  apertures  5.6 ;  3.4;  13.5;  S.6. 

In  one  of  Ramsden's  small  telescopes^  whose 
object-glass  was  8^  inches  in  focal  lengthy  and 


Optics.  43i 

the  magnifying  power  15.4^  the  focal  lengths  of 
the  eye-glasses  were  0.77  of  an  inch ;  1.025 ; 
1.01 ;  0^79,  and  their  respective  distances^  reck- 
oning  from  that  next  the  object^  were  1.18; 
1.83;  1.10. 

Ift  the  excellent  telescope  of  DoUand^s  con- 
struction^ which  belonged  to  the  Due  de  Chaul- 
nes^^  the  focal  length  of  the  eye-glasses^  begin- 
ning with  that  next  the  object^  were  14^  lines, 
19,  S21;  14,  their  distances  SS.48  lines;  46.17; 
SI  .45;  and  their  thickness  at  the  centre  1.S3 
lines ;  1.25 ;  1.47*  The  fourth  lens  was  pla- 
no-convex, with  the  plane  side  to  the  eye,  and 
the  rest  were  double  convex  lenses. 

On  achromatic    eye-pieces  far  astronomical 

telescopes. 

In  eye-pieces  of  this  kind  which  invert  the 
object,  the  focal  length  of  the  first  lens  should 
be  triple  that  of  the  second,  and  their  distance 
double  the  focal  length  of  the  second,  or  |  of 
the  focal  length  of  the  first.  The  lenses  should 
be  plano-convex,  the  plane  surfaces  turned  to 
the  eye,  in  order  that  the  aberration  of  spheri- 
city may  be  diminished  as  much  as  possible. 

The  telescope  of  DoUand^s,  belonging  to  the 
Due  de  Ghaulnes,  had  two  astronomical  eye- 
pieces, one  of  wUch  was  furnished  with  a  mi- 
.  erometer.  In  the  eye-piece  which  carried  the 
micrometer,  the  first  lens  was  12^  lines  in  focal 
length,  and  1.62 lines  thick;  the  second  was  ' 
5.45  lines  in  focal  length,  and  1.25  thick,  the 
distance  between  their  interior  surfaces  4.20 

*  See  page  415. 
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lines^  and  the  distance  of  the  first  lens  from  the 
focus  of  the  object-glass  13^  lines.  In  the 
other  eye-piece^  the  focal  length  of  the  first 
lens  was  8.30  lines^  and  its  thickness  l.SO ;  the 
focal  length  of  the  second  was  3.93^  and  its 
thickness  0.97  lines.  In  both  these  eye-pieces 
the  lenses  were  plano-convex^  with  the  plane 
surfaces  turned  to  the  eye. 
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On  the  construction  of  Optical  Instruments, 
with  Tables  of  their  Apertures  and  MasnU 
fying  Powers^  and  the  method  of  grinding 
the  Lenses  and  Min'ors  of  which  they  are 
composed^ 


On  the  method  of  grinding  and  polishing  lenses* 

HAVING  fixed  upon  the  proper  apertare 
and  focal  distance  of  the  lens,  take  a  piece  of 
sheet  copper,  and  strike  upon  it  a  fine  arch, 
with  a  radius  equal  to  the  focal  distance  of  the 
lens,  if  to  be  equally  convex  on  both  sides,  or 
with  a  radius  equal  to  half  that  distance,  if  to 
be  plano-convex,  and  let  the  length  of  this  arch 
be  a  little  greater  than  the  given  aperture.—- 
Remove  with  a  file  that  part  of  the  copper 
which  is  without  the  circular  arch,  and  a  con- 
vex gage  will  be  formed.  Strike  another  arch 
with  the  same  radius,  and  having  removed  that 
part  of  the  copper  which  is  within  it,  a  concave 
^gage  will  be  obtained.  Prepare  two  circular 
plates  of  brassy,  aliout  -{-^  of  an  inch  thic^  and 
'  an  inch  greater  i^  diameter  than  the  breadth 
of  the  lens,  and  solder  them  upon  a  cylinder 
of  lead  of  the  same  diameter,  and  about  an 
inch  high.  These  tools  are  then  to  be  ftx^d 
upon  a  turning  lathe,  and  one  of  them  turti8t| 
into  a  portion  of  a  concave  sphere^  so  as  to  sw 
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the  convex  gage ;  and  the  other  into  a  portion 
of  a  convex  sphere^  so  as  to  answer  the  con- 
cave gage.  When  the  surfaces  of  the  brass 
plates  are  turned  as  accurately  as  possible^ 
they  must  be  ground  upon  one  another  alter- 
nately wilh  flour  emery  till  the  two  surfaces 
exactly  coincide^  and  the  grinding  tools  will 
then  be  ready  for  use. 

Procure  a  piece  of  glass  whose  dispersive 
power  is  as  small  as  possible^  if  the  lens  be  not 
for  achromatic  instruments^  and  whose  surfaces  ' 
are  parallel ;  ^  and  by  means  of  a  pair  of  lai^ 
scissai's  or  pincers,  cut  it  into  a  circular  shape, 
so  that  its  diameter  may  be  a  little  greater  than 
the  aperture  of  the  lens.  After  the  roughness  is 
removed  from  its  edges  by  a  common  grind- 
stone,* it  is  then  to  be  fixed  with  black  piteh 
to  a  wooden  handle  of  a  smaller  diameter  than 
the  glass,  and  about  an  inch  high^  so  that  the 
centre  of  the  handle  may  exactly  coincide  with 
the  centre  of  the  glass. 

When  the  glass  is  thus  prepared  for  use,  it 
is  then  to  be  ground  with  fine  emery  upon  the 
concave  tool,  if  to  be  convex,  and  upon  the 
convex  tool,  if  to  be  concave.  To  avoid  cir- 
cumlocution, we  shall  suppose  that  the  lens  is 
to  be  convex.  The  concave  tool,  therefore, 
which  is  to  be  used,  must  be  firmly  fixed  to 
a  table  or  bench,  and  the  glass  wrought  up- 
on it  With  circular  strokes,  so  that  its  cenbn 
may  never  go  beyond  the  edges  of  the  tool. — 

*  When  the  focal  distance  of  the  lens  is  to  be  short,  the  far* 
face  of  the  piece  of  glass  should  be  ground  upon  a  common 
grindstone,  so  as  to  suit  the  g^ge  as  nearly  as  possible ;  and 
the  plates  of  brass,  before  they  are  soldered  on  the  lead,  thonld 
be  hammered  as  truly  as  they  can  into  their  proper  form.  By 
this  means  much  labour  wiU  be  saved,  both  in  turning^  and  grind- 
ing. 
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For  every  six  circular  strokes^  the  glass  should 
receive  S  or  3  cross  ones  along  the  diameter  of 
the  tool,  and  in  different  dii*ections.  When  the 
glass  has  received  its  proper  shape,  and  touch- 
es the  tool  in  every  point  of  its  surface,  which 
may  be  easily  known  by  inspection,  the  *emc- 
ry  is  to  be  washed  away,  and  finer  kinds  suc- 
cessively substituted  in  its  room,  till,  by  the 
same  alternation  of  circular  and  transverse 
strokes,  all  the  scratches  and  asperities  are  re-  • 
moved  from  its  surface.  After  the  finest  eme- 
ry has  been  used,  the  roughness  which  remains 
may  be  taken  away,  and  a  slight  polish  ^per- 
induced  by  grinding  the  glass  with  pounded 
pumice-stone,  in  the  same  manner  as  before. 
While  the  operation  of  grinding  is  going  on^ 
the  convex  tools  should,  at  the  end  of  every 
five  minutes,  be  wrought  upon  the  concave  one 
for  a  few  seconds,  in  order  to  presence  the  same 
curvature  to  the  tools  and  the  glass.  When  one 
side  is  finished  off  with  the  pumice-stone^  the 
lens  must  be  separated  from  its  handle  Jby  in- 
serting the  point  of  a  knife  between  it  and  the 
pitch,  and  giving  it  a  gentle  stroke.  The  pitch 
which  remains  upon  the  glass  may  be  removed 
by  rubbing  it  with  a  little  oil,  or  spirits  of 
wine ;  and  after  the  finished  side  of  the  glass 
is  fixed  upon  the  handle,  the  other  surface  is 
to  be  ground  and  finished  in  the  very  same 
manner, 

*  Emery  of  different  degrees  of  fineness  may  be  made  in  the 
following  manner.  Take  five  or  six  clean  vessels,  and  liarin); 
filled  one  of  them  with  water,  put  into  it  a  considerable  quantity 
<A'  flonr  emery.  Stir  it  well  with  a  piece  of  wood,  and  after 
standing  for  5  seconds,  pour  the  water  into  the  second  vessel. 
After  it  has  stood  about  12  seconds,  pour  it  out  of  this  into  the  3d 
vessel,  and  so  on  with  the  rest ;  and  at  the  bottom  of  each  ves- 
sel will  be  found  emery  of  different  degjees  of  fineness,  th« 
coarsest  being  in  the  first  vessel,  and  the  finest  in  the  last. 
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When  the  glass  is  thus  brought  Into  its  pro- 
per fornix  the  next  and  the  most  difiBcalt  part  of 
the  operation  is  to  give  it  a  fine  polish.  The 
best,  though  not  the  simplest,  way,  of  doing 
this,  is  to  cover  the  concave  tool  with  a  layer 
of  pitch,  hardened  hy  the  addition  of  a  little 
rosin,  to  the  tliickness  of  -}y  of  an  inch.  Then 
having  taken  a  piece  of  thin  writing  paper, 
press  it  upon  the  surface  of  the  pitch  with  the 
^  convex  tool,  and  pull  the  paper  quickly  from 
the  pitch  before  it  has  adhered  to  it;  and  if  the 
surface  of  Uio  pitch  be  marked  every  where 
with  -the  lines  of  the  paper,  it  will  be  truly 
splierical,  having  coincided  exactly  with  the 
surface  of  the  convex  tool.  If  any  paper  i^ 
mains  on  the  surface  of  the  pitch,  it  may  be  re- 
moved by  soap  and  water;  and  if  the  marks  of 
the  paper  should  not  appear  on  eveiy  part  of  it, 
the  operation  must  be  repeated  till  the  polish- 
er, or  bed  of  pitch,  is  accurately  spherical.  The 
glass  is  then  to  be  wrought  on  the  polisher  by 
circular  and  cross  strokes,  with  the  calx  of  tin, 
called  the  flowers  of  putty  in  the  shops,  or  with 
the  red  oxide  of  iron,  otherwise  called  colcothar 
of  vitriol,  till  it  has  received  on  both  sides  a 
complete  polish.*  The  polishing  will  advance 
slowly  at  first,  but  will  proceed  rapidly  when 
the  polisher  becomes  warm  with  the  friction. 
When  it  is  nearly  iiuished,  no  more  putty  or  wa- 
ter should  be  put  upon  the  polisher,  which 
should  be  kept  warm  by  breathing  upon  it ;  and 
if  the  glass  moves  with  diflicultj  from  its  adhe- 

•  As  colcothar  of  vitriol  is  obtained  by  the  decomposition  of 
martial  vitriol,  it  sometimes  retains  a  portion  of  this  salt.  When 
this  portion  of  martial  vitriol  ib  decomposed  by  dissolution  ia 
water,  the  yellow  ochre  which  results  penetrates  the  glass,  forms 
an  incrustation  upon  its  surface,  and  gives  it  a  dull  and  yellow- 
ish tinge,  which  ia  communicated  tQ  the  ima^c  which  it  forms. 
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eion  to  tbe  tool,  it  shoald  be  quickly  removed^ 
lest  it  spoil  the  surface  of  the  pitcli.  When  any 

E articles  of  dust  or  pitch  insinuate  themselves 
etween  the  glass  and  the  polisher,  which  may 
be  easily  known  from  the  very  unpleasant  man* 
ner  of  working,  they  should  be  carefully  remo- 
ved, by  washing  both  the  polisher  and  the  glass, 
, otherwise  the  lens  will  be  scratched^  and  the 
bed  of  pitch  materially  injured. 

The  operation  of  polisliing  may  also  be  per- 
formed by  covering  the  layer  of  pitch  w*ith  a 
piece  of  cloth,  and  giving  it  a  spherical  form  by 
pressing  it  with  the  convex  tool  when  the  pitch 
IS  warm.  The  glass  is  wrought  as  formerly, 
upon  the  surface  of  the  cloth  with  putty  or  col- 
cothar  of  vitriol,  till  a  sufficient  polish  is  in- 
duced. By  this  mode  the  operation  is  slower, 
and  the  polish  less  perfect ;  though  it  is  best 
fitted  for  those  who  have  but  little  experience, 
and  would  therefore  be  apt  to  injure  the  figure  of 
the  lens  by  polishing  it  on  a  bed  of  pitch. 

In  this  manner  the  small  lenses  of  simple  and 
compound  microscopes,  the  eye-glasses,  and  the 
object-glasses,  of  telescopes,  are  to  be  ground. 
In  gi-inding  concave  lenses,  Mr.  Imison^  em- 
ploys leaden  wheels  with  the  same  radius  as  the 
eurvatui'c  of  the  lens,  and  with  their  circum- 
ferences of  the  same  convexity  as  the  lens  is  to 
be  concave.  These  spherical  zones  are  fixed 
upon  a  turning  lathe,  and  the  lens,  which  is 
held  steadily  in  the  hand,  is  ground  upon  them 
with  emery,  while  they  are  revolving  on  the 
spindle  of  the  lathe.  In  the  same  way  convex 
lenses  may  be  ground  and  polished,  by  fixing 
the  concave  tool  upon  the  lathe,  but  these 

*  School  of  A.rtB,  part  ii,  p.  145. 
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methods^  however  simple  and  expeditious  they 
may  bC;  should  never  be  adopted  for  forming 
the  lenses  of  optical  instruments^  where  an  ac- 
curate spherical  figure  is  indispensable.  It  is 
by  the  hand  alone  that  we  can  perform  with 
accuracy  those  circular  and  transverse  strokes, 
the  proper  union  of  which  is  essential  to  the 
production  of  a  spherical  surface. 

On  the  method  of  castings  grinding,  and  polish" 
ingy  the  mii*ror8  of  reflecting  telescopes. 

The  metals  of  reflecting  telescopes  arc  gene- 
rally composed  of  33  parts  of  copper,  and  15  of 
grain-tin,  with  the  addition  of  two  parts  of  arse- 
nic, to  render  the  composition  more  white  and 
compact.  From  a  variety  of  experiments,  the 
Rev.  Mr.  Edwards  found,  that  if  one  part  of 
brass,  and  one  of  silver,  be  added  to  the  pre- 
ceding composition,  and  only  one  part  of  arse- 
nic used,  a  most  excellent  metal  will  be  ob- 
tained, which  is  the  whitest,  hardest,  and  most 
reflective,  that  he  ever  met  with.  The  superi- 
ority of  this  composition,  indeed,  has  been  com- 
pletely evinced  by  the  excellence  of  Mr.  Ed- 
wards's  telescopes,  which  excel  other  reflectors 
in  brightness  and  distinctness,  and  show  objects 
in  their  natural  colours.  But  as  metals  of  this 
composition  are  extremely  difficult  to  cast,  as 
well  as  to  grind  and  polish,  it  will  be  better 
for  those  who  are  inexperienced  in  the  art,  to 
employ  the  composition  first  mentioned . 

After  the  flasks  of  sand*  are  prepared,  and 
a  mould  made  for  the  metal  by  means  of  i^ 

*  The  best  sand  which  1  have  met  with  in  this  country*  is  to 
be  found  at  Roxburgh  castle^  in  the  neighbourhood  of  Rdso. 
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wooden  or  metallic  pattern^  so  that  its  face  may 
be  downwards^  and  a  few  small  holes  left  in  the 
sand  at  its  back^  for  the  free  egress  of  the  in- 
cluded air ; — melt  the  copper  in  a  crucible  by 
itself,  and  when  it  is  reduced  to  a  fluid  state^  fuse 
the  tin  in  a  separate  crucible,  and  mix  it  with 
the  melted  copper,  by  stirring  them  together 
with  a  wooden  spatula.  The  proper  quantity  of 
powdered  arsenic,  wrapt  up  in  a  piece  of  paper, 
is  then  to  be  added,  the  operator  retaining  his 
breath  till  its  noxious  fumes  are  completely  dis-* 
sipated ;  and  when  the  scoria  is  removed  from 
the  fluid  mass,  it  is  to  be  poured  out  as  quickly 
as  possible  into  the  flasks^  As  soon  as  the  me- 
tal is  become  solid,- remove  it  from  the  sand  in- 
to some  potashes  or  coals,  for  the  purpose  of 
annealing  it,  and  let  it  remain  among  them  till 
they  ai*e  completely  cold.  The  in-gate  is  then 
to  be  taken  from  the  metal  by  means  of  a  file, 
and  the  surface  of  the  speculum  must  be  ground 
upon  a  common  grindstone,  till  all  the  imper- 
fections and  asperities  be  taken  away.  When 
Mr.  Edwards's  composition  is  employed,  the 
copper  and  tin  should  be  melted  according  to 
the  preceding  directions,  and,  when  mixed  to- 
gether, should  be  poured  into  cold  water,  which 
will  separate  the  mass  into  a  number  of  small 
particles.  These  small  pieces  of  metal  are 
then  to  be  collected  and  put  into  the  crucible, 
along  with  the  silver  and  brass ;  after  they  have 
been  melted  together  in  a  separate  crucible, 
the  proper  quantity  of  arsenic  is  to  be  added, 
and  a  little  powdered  rosin  thrown  into  the  cru- 
cible before  the  metal  is  poured  into  the  flasks. 
When  the  metal  is  cast,  and  prepared  by  the 
common  grindstone  for  receiving  its  proper 
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figure,  tlic  gages  and  grinding  tools  are  to  be 
furnicd  in  the  same  manner  as  for  convex  lenses^ 
M  ith  this  difTercnce  only,  that  the  radius  of  the 
gages  must  always  be  double  the  focal  length 
of  the  speculum.  In  addition  to  the  convex 
and  concave  brass  tools,  which  should  be  only 
a  little  broader  than  the  metal  itself,  a  convex 
elliptical  tool  of  lead  and  tin  should  also  be 
formed  with  the  same  radius,  so  that  its  trans- 
verse may  l>e  to  its  conjugate  diameter  as  10  to 
0,  the  latter  being  exactly  equal  to  the  diameter 
of  the  metal.  Uu  this  tool  the  speculum  is  to 
be  grcnind  with  flour  emery,  in  the  same  man- 
ner us  lenses,  with  circular  and  cross  strokes 
alternately,  till  its  surface  be  freed  from  every 
imperfection,  and  ground  to  a  spherical  figure. 
It  is  then  to  be  wrought  with  great  circumspec- 
tion, on  the  convex  bras^s  tool,  with  emery  of 
different  degrees  of  fineness,  the  concave  tool 
being  sometimes  ground  upon  the  convex  one, 
to  keep  thoni  all  of  tlic  same  radius,  till  every 
scratch  and  appearance  of  roughness  be  removed 
from  its  surface,  and  it  will  then  be  ready  for 
receiving  the  final  polish.  Before  the  speculum 
is  brought  to  the  polisher,  it  has  been  the  prac- 
tice to  smooth  it  on  a  bed  of  hones,  or  a  convex 
tool  made  of  common  blue  hones.  This  addi<^ 
tional  tool,  indeed,  is  absolutely  necessary, 
when  silver  and  brass  enter  into  the  conipo- 
silion  of  the.  metal,  in  order  to  remove  that 
roughness  which  will  always  remain  after  the 
finest  emery  has  been  used  ;  but  when  these 
metals  are  not  in:;redients  in  the  speculum, 
there  is  nn  occasion  for  the  bed  of  hones. — 
Without  the  intervention  of  this  tool  I  have 
finished  several  specula,  and  given  them  as  ex- 
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quisite  a  lustre  as  they  could  possibly  have  tt* 
ceived.  Mr.  Edwards  does  not  use  any  brass 
tools  in  his  process^  but  transfers  the  metal  from 
the  elliptical  leaden  tool  to  the  bed  of  hones. 
By  this  means  the  operation  is  simplified^  but 
we  doubt  much  if  it  be,  in  the  least  degree^ 
improved.  As  a  bed  of  hones  is  more  apt  to 
change  its  form  than  a  tool  of  brass^  it  is  cer- 
tainly of  great  consequence  that  the  speculum 
should  have  as  true  a  figure  as  possible  before 
it  is  brought  to  the  hones ;  and  we  are  persua-* 
ded,  from  experience,  that  this  figure  may  be 
better  communicated  by  a  brass  tool,  which  can 
always  be  kept  at  the  same  curvature  by  Oa  cor- 
responding tool,  than  by  an  elliptical  block  of 
lead.  We  are,  moreover,  certain,  that  when  the 
speculum  is  required  to  be  of  a  determinate  fo- 
cal length,  this  length  will  be  obtained  more 
precisely  with  the  brass  tools  than  without  them. 
But  Mr.  Edwards  has  observed,  that  these  tools 
are  not  only  unnecessary,  but  ^really  detrimen- 
tal.' That  Mr.  Edwards  found  them  unneces- 
sary, we  cannot  doubt,  from  the  excellence  of  the 
specula  which  he  formed  without  their  assist- 
ance, but  it  seems  inconceivable  how  the  brass 
tools  can  be  in  the  least  degree  detrimental.  If 
the  miiTor  be  ground  upon  SO  different  tools  be- 
fore it  is  brought  to  the  bed  of  hones,  it  will  re- 
ceive from  the  last  of  these  tools  a  certain  figure^ 
which  it  would  have  received  even  if  it  had  not ' 
been  ground  on  any  of  the  rest;  and  it  cannot 
be  questioned,  that  a  metal  wrought  upon  a  pair 
of  brass  tools,  is  equally,  if  not  more,  fit  for  the 
bed  of  hones,  than  if  it  had  been  ground  mere- 
ly on  a  tool  of  lead.' , 

When  the  metal  is  ready  for  polishing,  the 
elliptical  leaden  tool  itf  to  be  covered  with  black 
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pitcli^^  about  ^V  of  an  inch  thick,  and  the  po- 
lisher formed  in  the  same  way  as  iu  the  case  of 
lenses,  either  with  the  concave  brass  tool,  or 
with  the  metal  itself.  The  colcothar  of  vitriol 
should  then  be  triturated  between  two  surfaces 
of  glass,  and  a  considerable  quantity  of  it  ap- 
plied at  first  to  the  surface  of  the  polisher*  The 
speculum  is  then  to  be  wrought  in  the  usual  way 
upon  the  polishing-tool,  till  it  lias  received  a 
brilliant  lustre,  taking  care  to  use  no  more  of 
the  colcothar,  if  it  can  be  avoided,  and  only  a 
small  quantity  of  it,  if  it  be  found  necessary* 
When  the  metal  moves  stiffly  on  ihe  po^sher, 
and  the  colcothar  assumes  a  dark  muddy  hue, 
the  polish  advajices  with  gi'eat  rapidity.  The 
tool  will  then  grow  warm,  and  would  probably 
stick  to  the  speculum,  if  its  motion  were  dis-^ 
continued  for  a  moment.  At  this  stage  of  the' 
process^  therefore,  we  must  proceed  with  great 
caution,  breathing  continually  on  the  polisher, 
till  the  friction  is  so  great  as  to  prevent  the  mo- 
tion of  the  speculum.  When  this  happens,  the 
metal  is  to  be  slipped  oflT  the  tool  at  one  side, 
and  placed  in  a  tube  for  the  purpose  of  trying 
its  performance ;  and  if  the  polishing  has  been 
conducted  with  care,  it  will  be  found  to  have  a 
true  parabolic  figure. 


0\    MICROSCOPES. 

On  the  single  microscope. 

In  the  first  volume,  we  have  described  the 
method  of  foiming  small  glass  globules  for  the 

•  In  summer,  or  when  tlie  pitch  is  soft,  it  should  be  hardened 
by  the  addition  oi  a  little  rosiii. 
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magnifiers  of  single  microscopes ;  and  have  also 
explained  the  manner  in  which  the  enlarged 
picture  is  formed  upon  the  retina.  When  the 
lenses  are  Aade^  either  by  fusion^  or,  which  is 
by  far  the  more  accurate  way,  by  grinding  them 
on  spherical  tools,  they  are  then  to  be  fitted  up 
for  the  purpose  of  examining  minute  objects. 
The  method  wliich  Mr.  Wilson  has  adopted  in 
bis  poclcet- microscope,  is  very  ingenious,  though 
rather  devoid  of  simplicity,  as  it  obliges  us  to 
screw  and  unscrew  the  magnifiers,  when  we 
wish  to  view  the  object  with  a  larger  or  a  smal- 
ler power.  The  simplest  and  the  most  conveni- 
ent method  of  mounting  single  microscopes,  is 
to  fix  the  lenses  a,  6,  c,  rf,  in  a  flat  circular  piece  puts 
of  brass,  CJ),  which  can  be  moved  round  /  as  ^.^^1'* 
a  centre,  by  the  action  of  the  endless  screw  *^' 
•O,  upon  the  toothed  circumference  of  the  cir- 
cular plate.  After  the  object  has  been  viewed 
by  some  of  the  magnifiers,  it  may  be  examined 
successively  with  all  the  rest,  by  a  few  turns 
merely  of  the  endless  screw. 

In  the  first  volume,  Mr.  Ferguson  has  alrea- 
dy shown  how  to  find  the  magnifying  power  of 
single  microscopes ;  but  in  order  to  save  the 
trouble  of  calculation,  we  have  computed  the 
following  new  table  of  the  magnifying  powers 
of  convex  lenses,  from  1  inch  to  -^^^  of  an  inch 
in  focal  length,  upon  the  supposition  that  the 
nearest  distance  at  which  we  see  distinctly  is 
seven  inches.  The  first  column  contains  the 
focal  length  of  the  convex  lens  in  -j^^^ths  of  an 
inch.  The  second  contains  the  number  of  times 
which  sucli  a  lens  wiU  magnify  the  diameters 
of  objects.     The  third  contains  the  number  of 
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times  that  the  surfiice  is  magnified;  and  the 
fourth  the  numl)er  of  times  that  the  cube  of  the 
object  is  magnified.  A  table  of  a  similar  kind^ 
though  upon  a  much  smaller  scale^%as  already 
been  published  by  Mr.  Barker ;  but  he  suppo- 
ses the  nearest  distance  at  which  the  eye  can 
see  distinctly,  to  be  eight  inches,  which,  I  am 
confident  from  experience,  is  too  large  an  esti- 
mate for  the  generality  of  eyes. 
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A  NEW  TABLE, 

Of  the  Magnifying  Power  of  Small  Convex 
LenseSf  or  Single  Microscopes,  not  exceed- 
ing an  inch  in  focal  length. 


Focaldistance 

Number  of  times 

Viimber  of  timet 

Clumber  of  times 

of  the  lens  or 

Ihal  the  diameter 

that  the  lurface 

that  the  cube  of 

microscope. 

af  an  object  is 

of  an  object  is 

an  object  is  mag- 

maf^ified. 

magnified. 

nified. 

lUOtbs  of  an 
mch. 

Times.  ""  °'''' 
time. 

Times. 

Times. 

1 

100 

7.00 

49 

343 

3 

7 

75 

9.33 

87 
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1 

"5 

50 

14.00 

196 

2741 

40 

17.50 

306 

5360 

9 

■      3 
TTS" 

30 

S3.33 

54l! 

12698 

2 

20 

35.00 

1235 

42875 

M     ^^ 

19 

36.84 

1354 

49836 

18 

38.89 

1513 

58864 

17 

41.18 

1697 

'  69935 

16 

43.75 

1910 

83453 

15 

46.66 

2181 

1018^ 

14 

50.00 

2500 

125000 

13 

53.85 

2894 

155721 

IS 

58.33 

3399 

198156 

11 

63.67 

4045 

257259 

1 

77 

10 

70.00 

4900 

343000 

m    V 

9 

77.78 

6053 

470911 

8 

87.50 

7656 

669922 

7 

100.00 

10000 

1000000 

6 

116.66 

13689 

1601613 

1 
■5W 

S 

140.00 

19600 

2744000 

1 
5T 

4 

175.00 

30625 

5359375 

s  w 

3 

S33.33 

54289 

12649'S37 

1 

2 
1 

350.00 
700.00 

122500 
490000 

42875000 
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On  the  double  microscope. 

The  double  microscope  is  composed  of  two 
convex  IcDses  placed  at  any  distance  not  less  ' 
than  the  sum  of  tlieir  focal  lengths ;  and  a  lens 
nv'ith  a  large  aperture  and  focal  distance  is  ge- 
nerally fixed  a  little  beyond  the  anterior  focas 
of  the  eye-glass^  for  the  purpose  of  enlarging 
the  field  of  view.     As  the  focal  lengths  of  the 
lenses  as  well  as  their  distances  are  altogether 
arbitrary^  different  opinions  have  been  enter- 
tained respecting  the  most  suitable  values  of 
these  quantities.    I  have  founds  however,  from 
experience,  that  a  good  compound  microscope 
may  be  formed  by  making  the  object-glass  ^^ 
of  an  inch  in  focal  length,  and  the  eye-glass  1 
inch,  their  distance  being  about  8  inches.  The 
amplifying  lens  or  second  eye-glass  should  ge- 
nerally be  1^  inch  in  diameter,  with  2^  inches 
of  focal  length,  and  placed  at  1  i  inch  before 
the  eye-glass ;  and  the  aperture  of  the  object- 
glass  siiould  not  exceed  one-tenth  of  an  inch. 
If,  however,  we  increase  the  magnifying  power 
of  the  microscope  by  augmenting  the  distance 
between  the  glass  next  the  object  and  that  next 
the  eye,  we  must  likewise  enlarge  the  aperture 
of  the  object-ghiss ;  but  if  we  increase  the  mag- 
nifying power  by  augmenting  the  curvature  or 
diminishing  the  focal  lengtli  of  the  object-glass, 
the  aperture  must  he  proportionably  diminished. 
The  distance  of  tlic  eye  from  the  eye-glass 
should  he  equal  to  the  focal  distance  of  the  lat- 
ter ;  and  the  liole  tlirough  which  the  rays  are 
finally  transmitted  should  not  exceed  one-sev- 
enlh  of  an  inch. 


I    • 
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The  mefnod  of  finding  the  magnirying  power 
of  double  microscopes  when  only  two  lenses  are 
employed  has  been  shown  in  the  first  volume. 
But  as  an  amplifying  lens  or  second  eye-glass  is 
always  used^  we  shall  show  the  method  of  de- 
termining the  magnifying  power  of  these  instru- 
ments  when  three  lenses  arc  employed.  The 
following  rule  we  believe  is  new.  Divide  the 
difference  between  the  distance  of  the  two  first 
lenses,  or  those  next  the  object,  and  the  focal 
distance  of  the  second  or  amplifying  glass,  by 
the  focal  distance  of  the  second  glass,  and  the 
quotient  will  be  a  first  number.  Square  the  dis- 
tance between  the  two  first  lenses,  and  divide 
it  by  the  difference  between  that  distance  and 
the  focal  distance  of  the  second  glass,  and  di- 
vide this  quotient  by  the  focal  distance  of  the  . 
third  glass,  or  that  next  the  eye,  and  a  second 
number  will  be  had.  Multiply  together  the 
first  and  second  numbers,  and  the  magnifying 
power  of  the  object-glass,  and  the  product  will 
be  the  magnifying  power  of  the  compound  mi- 
croscope. 

ON  TELESCOPES. 

a 

On  the  refracting  telescope. 

Having  already  described  the  nature  and 
operation  of  refracting  telescopes,  we  have  now 
only  to  lay  before  the  reader  a  new  table  of  the 
apertures  and  magnifying  powers  of  these  in- 
struments, more  accurate,  we  trust,  than  any 
-which  has  yet  been  published.  It  is  a  remark- 
able circumstance,  that  the  only  table  of  this 
kind  which  has  appeared,  was  copied  by  suc- 
ceeding writers  from  Dr.  Smith's  optics^  as  the 
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production  of  the  celebrated  Huy^ms^  while  it 
was  calculated  only  by  the  editors  of  his  diop- 
trics. An  excellent  telescope  of  Huygens^  in- 
deed, was  the  standard  upon  which  the  table 
was  constructed  ;  but  this  philosopher  informs 
us  in  his  •Istroscopta  Compendiaviaj  that  he 
had  a  refracting  telescope  with  an  object-glass 
34  feet  in  focal  length,  wliich,  in  astronomical 
observations,  bore  an  eye-glass  of  %\  inches 
focal  distance,  and  therefore  magnified  163 
times,  which  is  considerably  greater,  in  propor- 
tion, than  tlie  magnifying  power  of  the  standard 
telescope  upon  which  the  old  table  was  founded. 
Since  the  lenses  of  these  instruments  tiierefore 
may  now  be  wrought  with  the  same  accuracy  • 
as  in  the  time  of  Huygens,  we  have  computed 
^  the  following  table  according  to  this  new  stand- 
ard, the  apertures,  magnifying  powers,  and  the 
focal  length  of  tlie  eye-glass  being  severally  as 
the  square  roots  of  tlieir  focal  lengths.  As  the 
dimensions  of  tlie  standard-telescope  of  Huy- 
gens were  taken  in  Rhinland  measure,  the  fol- 
lowing table  is  suited  to  tlie  same  measure,  but 
the  second  and  third  columns  may  be  convert- 
ed into  English  measure  by  dividing  them  by 


7,  the  focal  lengths  of  the  object-glasses  bcin 
supjiosed  English  feet. 
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A  NEW  TABLE, 

Of  the  Apertures^  Focal  Lengths^  and  Magni* 
•  fying  Power  of  Refracting  Telescopes. 


Focal  lenti^h 

Linear   aper- 

Focal dis* 

Maf^ifying 

of  the  object- 

ture  of  the  ob 

unce  of  the 

power. 

l^lass. 

ject-gUsi. 

eye-g^Bss. 

Fe.t. 

Inch.  Dec. 

Inch.  Dec. 

I'imcs. 

1 

0.65 

0.50 

38 

2 

1.03 

0.63 

39 

3 

1.30 

0.75 

48 

4 

1.45 

0.8r 

55 

5 

1.61 

1.00 

60 

6 

1.79 

1.07  • 

67 

7 

1.96 

1.15 

73 

8 

3.14 

1.31 

77 

9 

3.30 

1.30 

83 

10 

3.33 

1.38 

87 

13 

3.63 

1.58 

99 

13 

3.81 

1.70 

106 

30 

3.31 

1.95 

133 

39 

3.73 

3.15 

139 

30 

4.01 

3.40 

150 

35 

T!mfjr§i 

3.58 

163 

40 

4.64 

3.76 

174 

45 

4.93 

3.93 

184 

50 

5.30 

3.08 

195 

55 

5.48 

8.33 

305 

60 

5.71 

3.36 

314 

70 

6.16 

3.64 

381 

80 

6.58 

3.90 

340 

90 

7.03 

4.13 

• 

363 

100 

7.39 

4.35 

376 

SOO 

10.41 

6.17 

389 

300 

13.89 

7.5s 

479 

400 

14.73 

8.71 

551 

500 

16.531 

9.71 

.    618 
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On  the  Gregorian  Telescope. 

To  the  obscn'ations  already  made  upon  i\nn 
instrument,  we  have  only  to  add  a  few  practi- 
cat  remarks.  In  order  to  remove  the  tremors 
from  reflecliDg  telescopes,  the  springs  and  screws 
should  be  taken  away  from  the  back  of  the 
speculum,  and  three  small  screws  employed, 
which  pass  through  the  tube  perpendicular  to 
its  axis,  and  touch  the  back  of  the  mirror  mere- 
ly with  their  sides.  As  the  speculum  is  apt  to 
bend  when  it  is  supported  wholly  upon  its  lower 
extremity,  it  should  be  made  to  rest  upon  two 
points  4j  degrees  distant  from  its  lowest  part, 
and  on  each  side  of  it ;  and  if  the  metal  be 
wedged  in  at  these  points  with  bits  of  card,  it 
will  be  prevented  from  falling  backward  or  rest- 
ing upon  its  lowest  point.  Some  reflecting  te- 
lescopes may  be  much  improved,  as  Dr.  Mas- 
kelyne  has  shown,  by  inclining  the  great  mir- 
ror about  S|  degrees*  to  the  axis  of  the  tube, 
so  that  the  pencils  of  rays  might  fall  obliquely 
■  on  its  surface.! 

The  diameter  of  the  small  eye-hole  may  be 
found  by  dividing  the  aperture  of  the  telescope 
in  inches  by  its  magnifying  power ;  but  is  ge- 
nerally about  -g\  of  an  inch. 

The  following  table,  formed  upon  tlie  com- 
putations of  Dr.  Smith,  contains  all  the  dimen- 
sions of  Gregorian  telescopes,  and  is  more  com- 
prehensive and  accurate  than  that  wliich  Mr. 
Edwards  published. 

•  This  clejjree  of  inclination  g^rcatly  improved  the  six  feet  New- 
tonian reflector  in  the  Observatory  of  Greenwich  ;  but  di^erent 
specula  will  require  diffirent  dejfi'ces  of  obliquity,  and  some  may 
rather  be  injured  by  such  an  inclination. 

t  These  observations  are  also  applicable  to  the  metals  of  Cas« 
scgrainiaii  and  Newtonian  telescope*. 
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On  the  Cassegrainian  Telescope. 

From  the  following  table  of  the  dimensions 
of  Cassegrainian  telescopes^  founded  op  Dr. 
Smith's  calculations^  it  appears^  that  though 
they  are  shorter  by  twice  the  focal  distance  of 
the  small  speculum  than  those  of  the  Gregpiian 
form  with  the  same  focal  lengthy  yet  they  hare 
a  greater  magnifying  power.   A  Cassegrainian 
telescope,  lf^4  inches  in  focal  length,  will  mag« 
nify,  according  to  the  table,  93  times ;  while  a 
Gregorian  one,  with  a  similar  speculum,  mag- 
nifies only  86  times.   This  great  difference  be- 
t^'een  the  performauce  of  these  instruments, 
does  not  subsist  mei*ely  in  theory;  for  Mr. 
Short  constructed  a  telescope  of  the  Cassc'.grain 
form,  of  S4(  inches  focus,  wliich,  with  an  aper- 
ture of  6  inches,  magnified  355  times.     With 
this  power,  indeed,  it  was  rather  indistinct; 
but  it  bore  a  power  of  S31  times  with  suflBcicnt 
distinctness.  In  the  observatory  at  Greenwich, 
there  is  a  Gregorian  telescope  of  Short's  con- 
struction, which  magnifies  S50  times  when  the 
smallest  mirror  is  employed,  which  is  conside- 
rably  less  than  the  power  of  the  Cassegrainian 
one  of  the  same  size. 
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On  the  J^Tewtonian  Telescope. 

As  the  Newtonian  telescope  was  powerfully 
recommended  to  the  world  by  the  simplicity  of 
its  construction^  as  well  as  by  the  name  of  its 
illustrious  inventor,  it  is  a  matter  of  surprise 
that  its  merits  should  have  been  so  long  over- 
looked. During  the  last  century  Ghregorian 
telescopes  seem  universally  to  have  been  pre- 
ferred to  those  of  the  Newtonian  form,  till  the 
celebrated  Dr.  Uerschel  introduced  the  latter 
into  notice,  by  the  splendour  and  extent  of  the 
discoveries  which  they  enabled  him  to  make. 
This  philosopher,  equally  distinguished  by  his 
virtues  and  his  talents,  has  constructed  New- 
tonian telescopes  from  7  to  40  feet^  in  focal 
length,  by  which  he  has  greatly  enlarged  our 
knowledge  of  the  solar  system,  and  disclosed 
many  new  and  important  facts  respecting  the 
structure  of  the  heavens. 
PtATE  In  the  Newtonian  telescope,  the  large  para- 

Fi^"/  bolic  speculum  is  not  perforated  with  a  hole 
UF.  A  small  elliptical  plane  mirror,  inclined 
45^  to  the  axis  of  the  tube,  is  placed  at  Gif, 
about  as  much  nearer  the  speculum  than  its  fo- 
cus, as  the  centre  of  the  small  mirrar  is  distant 
from  the  tube ;  that  is,  the  distance  Gm  of  the 
small  speculum  from  the  focus  of  the  great  one, 
should  be  nearly  equal  to  PT,  half  the  diameter 
of  the  tube.  The  rays  which  form  the  image 
IK  of  the  object  dB,  instead  of  proceeding  to 

*  A  description  of  this  noble  instniTnent  may  be  seen  in  the 
I*hil.  Trans.  1795,  pt.  2.  The  diamtrter  of  the  speculum  is  4 feet, 
its  iliickness  about  3}  inches,  and  its  ma^nfyin^^  power  6000. 
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form  it  at  m,  are  intercepted  by  the  plane  spe- 
culum at  GHj  and  refracted  upward  through  an 
aperture  in  the  side  of  the  tube  TTj  where  the 
image  is  formed  and  magnified  by  a  double 
convex  lens  of  a  short  focal  distance.     * 

As  the  small  plane  mirror  has  an  oblique  po« 
sition  to  the  cye^  it  must  be  of  an  elliptical  form. 
In  order  to  find  its  conjugate  or  shortest  diame- 
ter,  say  as  the  focal  length  of  the  great  speculum 
is  to  its  aperture^  so  is  the  distance  of  the  small 
speculum  from  the  focus  of  the  great  one  to  the 
conjugate  diameter  of  the  small  mirror,  that  is^ 
the  conjugate  diameter  of  the  small  mirror  is  = 

Gmyo^F      j^g  trausvcrse  or  longest  diameter 

will  be  =£:!^^<^xl.414S,  that  is,  equal  to  the. 

conjugate  diameter  multiplied  by  1.4134S,  or 
which  is  the  same  thing,  its  transverse  will  be 
to  its  conjugate  diameter  as  7  to  5,^  which  is 
nearly  the  ratio  of  the  diagonal  of  a  square  to 
one  of  its  sides.  If  a  rectangular  prism  be  sub- 
stituted in  place  of  the  small  mirror,  having  its 
sides  perpendicular  to  the  incident  and  emer- 
gent rays,  a  less  quantity  of  light  will  be  lost, 
than  when  the  reflection  is  made  from  a  mirror 
of  the  common  kind. 

In  most  of  Dr.  Herschel*s  telescopes  the 
plane  mirror  is  thrown  away,  and  the  focal  im- 
age IK  is  viewed  directly  with  a  small  eye- 
class,  placed  at  jTE,  the  lower  side  of  the  tube. 
When  the  aperture  of  the  speculum  is  very 
large,  the  loss  of  light  occasioned  by  the  inter* 
position  of  part  of  the  observer's  head  is  trivial ; 

*  Mr.  Adami  in  liis  Introduction  to  Natural  Phiiotophy,  vol.  li. 
p.  534»  erroneoutly  observes,  that  the  Ien|^h  of  the  small  spe- 
culum should  be  to  its  breadth  as  2  to  1. 
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but  Aviieii  the  aperture  is  small,  the  specuiam 
must  be  inclined  a  little  to  the  incident  rays. 
I  have  frequently  taken  a  Newtonian  specalaniy 
3-fV  inches  in  diameter,  and  30  inches  in  focal 
length*  out  of  its  tube,  and  viewed  the  moon  in 
this  manner  with  great  satisfaction*  The  su- 
perior performance  of  Newtonian  telescopes* 
without  the  plane  mirror,  can  be  conceived  on- 
ly by  those  who  have  made  the  experiment 

As  it  is  more  difficult  to  find  any  of  the  hea- 
venly bodies  with  a  Newtonian  than  with  a 
Gregorian  telescope,  it  has  been  customaiy  to 
fix  a  small  astronomical  telescope  on  the  tabe 
of  the  former,  so  that  the  axes  of  the  two  in- 
struments  may  be  parallel.  The  aperture  of 
its  object-glass  is  large,  and  cross- hairs  are 
fixed  in  the  focus  of  the  eye-glass.  The  object 
is  then  found  by  this  small  telescope,  which  U 
called  thejinder  ;  and  if  the  axes  of  the  instru- 
ments are  rightly  adjusted,  it  will  be  seen  also 
in  the  field  of  the  large  telescope.  When  the 
Newtonian  telescope,  however,  is  large,  and 
placed  upon  its  lower  end  to  view  bodies  at  great 
altitudes,  the  finder  can  be  of  no  use,  from  the 
difficulty  of  getting  the  eye  to  the  eye-piece. — 
On  this  account  I  would  propose  to  bend  the 
tube  of  the  finder  to  a  right  angle,  and  place  a 
plane  mirror  at  the  angular  point,  so  as  to  throw 
the  image  to  one  side,  or  rather  above  the  up- 
per part  of  tlie  tube,  that  the  eye-piece  of  the 
finder  may  be  as  near  as  possible  to  the  eye- 

t)iece  of  the  telescope.  If  the  latter  of  these  plans 
le  adopted,  the  singular  point,  where  the  plane 
mirror  is  fixed,  should  be  placed  as  near  as  pos- 
8il)lc  tothefocal  image,  in  order  that  only  a  small 
part  of  the  finder  may  stand  above  the  tubij;  for 
in  this  way  the  eye  can  be  transferred  with  the 
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greatest  facility  from  the  one  eye-piece  to  the 
other. 

The  only  table,  containing  the  apertures, 
magnifying  power,  &c.  of  Newtonian  telescopes, 
which  has  hitlicrto  been  published,  was  calcu- 
lated by  Dr.  Smith,^  from  the  middle  aperture 
and  power  of  Hadley's  excellent  Newtonian 
telescope,  as  a  standard,  the  focal  length  of  the 
great  speculum  being  3  feet  S^  inches,  its  aper- 
ture d  inches,  and  power  2U8.  A  speculum, 
iiowever,  3  feet  and  3  inches  in  focal  length, 
was  wrought,  by  Mr.  Uauksbce,  to  so  great 
perfection,  as  to  magnify  226  times.t  It 
showed  the  minute  parts  of  the  new  moon  ve- 
ry distinctly,  as  well  as  the  belts  of  Jupiter, 
and  tlie  black  list  or  division  of  Saturn's  ring. 
For  these  objects,  it  bore  an  aperture  of  3 j  or 
4  inches;  but  in  cloudy  weather  it  showed 
land  objects  most  distinct,  when  the  whole  sur- 
face of  the  metal  was  exposed,  which  was  4^ 
Inches  in  diameter.  Hince  the  method  of  grind- 
ing specula,  and  giving  them  a  true  parabolic 
figure,  is  much  better  understood  at  present 
than  it  was  at  the  time  of  Mr.  Hauksbec,  New- 
tonian telescopes  may  be  made  as  perfect  as 
tliis  instrument  of  his  construction.  Upon  it, 
as  a  standard,  therefore,  we  have  computed  the 
following  new  table,  upon  the  supposition,  that 
reflecting  telescopes,  of  different  lengths,  show 
objects  equally  bright  and  distinct,  when  their 
linear  apertures,  and  their  linear  amplifications, 
or  magnifying  powers,  are  as  the  SQuare-square 
rootSy  or  biquadrtttic  roots,  of  their  local  lengths, 

*  optics,  vol.  I,  p.  148.   Dr.  Smltb's  tubic  was  continued  frnm 
17  to  24  feet,  by  Mr.  Edwards. 

I  Smith's  optics,  vol.  ii.  Jiemarkt,  p.  79,  c  )1.  '^. 

■ 
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aud,  cousequcnlly^  when  thft  focal  distances  of 
their  eye-glasses  are  as  the  square-roots  of  their 
lengths. 

The  first  column  contains  the  focal  length  of 
the  great  speculum  in  feet^  and  the  second  its 
linear  aperture  in  inches^  and  lOOths  of  an 
inch.  1.  he  third  and  fourth  columns  contain 
Sif  Isaac  Newton's  numbers,  by  means  of 
which  the  apertures  of  any  kind  of  reflecting 
telescopes  may  be  readily  computed.*  The 
fifth  column  exhibits  the  focal  length  of  the 
eye-glasses  in  lOOOths  of  an  inch;  and  the 
sixth  contains  the  ;maguifying  power  of  the  in- 
strument. 

•  See  Grcgoo's  Optics,  Appendix,  p.  229,  and  the  Phibsophi- 
a1  Transac lions,  No.  81,  p.  4004. 
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A  NEW  TABLE, 

Cf  the  Apertures  and  Magnifying  Power  of 
Newtonian  Telescopes. 


Focal  length 

Aperture 
of  the  con- 

Focal lenjrtli 

.\fagni* 

of  the  con- 

Sir Isaac  Kewton's 

of  the  eye- 

fying 

cave  specu- 

cave ipe- 

numbers. 

glass. 

power. 

lum. 

cuhim. 

Aperture 
of  ihe  spe- 
culum. 

Focal 

Feet 

Inch.  Dec. 

len(^of 
the  eyc- 

Inch.  Dec. 

Times. 

fflasB. 

1 

1.34 

100 

100 

0.107 

56 

1 

3.33 

168 

119 

0.139 

93 

S 

3.79 

383 

141 

0.163 

158 

3 

6.14 

383 

157 

0.168 

314 

4 

6.36 

476 

168 

0.181 

365 

5 

7.51 

563 

178 

0.193 

313 

6 

8.64 

645 

186 

0.300 

360 

7 

9.67 

0.309 

403 

8 

10.41 

800 

300 

0.318 

445 

9 

11.69 

0.333 

487 

10 

13.65 

946 

313 

0.838 

537 

H 

13.58 

0.333 

566 

13 

14.50 

1084 

331 

0.338 

604 

13 

15.41 

0.313 

64S 

14 

16.35 

0.348 

677 

15 

17.11 

0.353 

713 

16 

17.98 

1345 

338 

0.396 

749 

17 

18.83 

0.360 

784 

18 

19.63 

0.364 

818 

10 

30.45 

0.368 

853 

20 

31.34 

1591 

351 

0-371 

885 

31 

33.06 

0.374 

919 

33 

33.85 

0.377 

953 

S3 

33.63 

0.380 

981 

34) 

34.41 

1834 

0.383 

1017 

5-. 
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The  telescope  which  Dr.  Herschel  generally 
uses,  and  with  which  he  has  made  many  of  liis 
best  discoveries,  is  a  Newtonian  reflector,  with 
a  speculum  7  f^^t  in  focal  length,  having  an 
aperture  of  6i  inches,  and  powers  of  SS7  and 
460,  though  lie  sometimes  employs  ^  power  of 
6450  for  the  fixed  stars.  Dr.  Herschel  informs 
me,  that  he  obtains  such  high  powers,  merely 
by  using  small  double  convex  lenses  for  eye- 
glasses, and  that  he  has  some  in  his  possession 
less  than  one  fiftieth  of  an  inch  in  focal  length. 


401 


OPTICS. 

Description  of  a  JVTsm^  Fluid  Microacope^ 
invented  by  the  E.  Editor, 

FOR  the  first  idea  of  fluid  microscopes  wc 
are  indebted  to  the  ingenious  Mr.  Stephen 
Grey^  who  published  an  account  of  his  disco- 
very in  the  Transactions  of  the  Royal  Socie- 
ty.* They  consisted  merely  of  a  drop  of  wa- 
ter^ taken  up  on  the  point  of  a  pin,  and  placed 
in  a  small  hole  at  1),  -^^  of  an  inch  in  diame-  Pi.ATr. 
ter,  in  the  piece  of  brass  DE^  about  -^^  of  an  p^^'"** 
inch  thick.  The  liole  D  is  in  the  middle  of  a  '^ 
spherical  cavity,  about  |  of  an  inch  in  diame- 
ter, and  a  little  deeper  than  half  the  thickness 
of  the  brasst  On  the  opposite  side  of  the  brass 
is  another  spherical  cavity,  half  as  broad  as 
the  former,  and  so  deep  as  to  reduce  the  cir- 
cumference of  the  small  hole  to  a  sharp  edge. 
The  water  being  placed  in  these  cavities,  will 
form  a  double  convex  lens,  with  unequal  con- 
vexities. The  object,  if  it  be  solid,  is  fixed 
upon  the  point  C  of  the  supporter  AB,  and 
placed  at  its  proper  distance  from  the  water- 
lens,  by  the  screw  FG.  When  the  object  is 
fluid,  it  is  placed  in  the  hole  Jl^  but  in  such  a 
manner  as  not  to  be  spherical ;  and  this  hole  is 
brought  opposite  the  fluid  lenses,  by  moving  the 
extremity  G  of  the  screw  into  the  slit  GJn. 

*  Phil.  Trans.  No.  221,  223.    See  «1so  Smith's  Optics,  toI.  ii. 
p.  394. 
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From  this  microscope  of  Mr.  Grey's,  the  one 

Avhicli  \vc  are  now  to  describe  is  totally  diflfer- 

PtkTT.      cnt.     It  is  represented^  as  fitted  up^  in  Plate 

■f^^2V3,4.^^^  '^'  Fig.  2.  and  some  of  its  parts,  on  a 
larger  scale,  in  Fig.  3  and  4.  A  drop  of  very 
pure  and  viscid  tnrpentine-vamish  is  taken  up 
by  the  point  of  a  piece  of  wood,  and  dropped, 
at  ff,  npon  the  piece  of  thin  and  well  polished 
glass  abcdl;  and  different  quantities  being  ta- 
ken up,  and  dropped,  in  a  similar  manner,  at 
ft,  c,  rf,  ^ill  form  four  or  more  plano-convex 
lenses  of  turpentine-varnish,  which  may  be 
made  of  any  focal  length,  by  taking  up  a  great- 
er or  a  less  quantity  of  the  fluid.  The  lower 
surface  of  the  glass  abcdl,  having  been  first 
smoked  with  a  candle,  the  black  pigment,  im- 
mediately below  the  lenses  a,  6,  r,  (2,  is  then  to 
be  removed,  so  that  no  light  may  pass  by  their 
circumferences.  The  piece  of  glass,  ale,  is 
next  to  be  perforated  at  J,  and  surrounded  with 
a  toothed  wheel  CD,  which  can  be  moved  round 
jT  as  a  centre,  by  the  endless  screw  •2B.  The 
apparatus  CDBA  is  placed  in  a  circular  case, 
which  is  represented  by  BH  in  Fig.  2.  and 
part  of  it,  on  a  larger  scale,  by  CD  in  Fig.  4. 
and  to  its  sides  the  screw  *iB  is  fastened,  by 
means  of  the  two  arms  vi,  n.  This  circular 
case  is  fixed  to  the  horizontal  arm  If,  by  means 
of  a  brass  pin,  which  passes  through  its  upper 
and  under  surfaces,  and  through  the  hole  /, 
(Fig.  3,)  which  docs  not  embrace  the  pin  very 
tightly,  in  order  that  CD  may  revolve  with  fa- 
cility. On  the  upper  surface  of  BH  is  an  ap- 
•M-ture  /r,  directly  above  the  line  described  by 
the  centres  of  the  fluid  lenses,  when  moving 
round  /;  and  in  this  aperture  is  inserted  a 
K^mall  cap,  with  a  little  hole  at  its  top,  to  wliich 
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the  eye  is  applied.  EMJ\r  is  the  moveable 
stage^  tliat  carries  the  slider  OP^  on  which  mi- 
croscopic objects  are  laid^  and  is  brought  near- 
er^ or  i-emoved  from^  the  lenses^  by  tlie  vertical 
screw  DH.  MS  is  the  perpendicular  arm  to 
which  the  microscope  is  attached.  FG  is  the 
pedestal ;  and  C  is  a  plane  mirror,  which  has 
both  a  vertical  and  horizontal  motion^  in  order 
to  illuminate  the  objects  on  the  slider. 

When  the  microscope  is  thus  constructed, 
the  object  to  be  viewed  is  placed  upon  OPy 
and  the  screw  AB  is  turned^  till  one  of  the 
lenses  be  directly  below  the  aperture  IC.  The 
slider  is  then  raised  or  depressed,  by  the  screw 
DEf  till  the  object  be  brought  into  the  focus  of  • 

the  lens.  In  this  manner,  by  turning  the  screw 
JiB,  and  bringing  all  the  lenses,  one  after  an- 
other, directly  below  JST,  the  object  maybe  suc- 
cessively examined  with  a  variety  of  magnify- 
ing powers. 

Tiie  focal  lengths  of  these  fluid  lenses  will 
Increase  a  little  after  they  are  formed ;  but  if 
tliey  are  preserved  from  dust,  they  will  last  for 
a  long  time.  The  turpentine  varnish  should 
be  as  pure  and  viscid  as  possible ;  the  glass 
on  which  it  is  dropped  should  be  very  thin  j^ 
and  the  microscope  should  stand  on  a  horizon- 
tal surface. 

I  have  even  employed  these  fluid-lenses  as 
the  object-glasses  of  compound  microscopes ; 
and  I  once  constructed  a  compound  micro- 
scope, in  which  both  the  object-glass  and  eye- 
glass were  made  of  turpentine  varnish.  It 
performed  much  better  than  I  had  expected, 
but  gave  rather  a  yellowish  ting^to  the  objects 
^which  were  presented  to  it. 

*  Instead  of  glass  a  thin  lamina  of  fine  transparent  lute  maybe 
nsed  with  great  advantage. — A.  Ed. 
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t)escrij)tion  of  an  Jlnalemmatic  tHal^  irhich 

sets  itself. 


Pu^-n  THE  analemmatic  dial  is  represented  by 

^i^"'  CD  in  Fig.  2.  of  Plate  XLVIII,  and  is  gene- 
rally described  upon  the  same  surface  with  a 
*  horizontal  dial  dBy  for  the  purpose  of  ascer- 
taining its  proper  position  without  the  assist- 
ance of  a  meridian-lino  or  compass.  It  is  al- 
ways of  an  elliptical  form^  approaching  to  that 
of  a  circle^  as  the  place  for  which  it  is  made 
recedes  from  the  equator.  Its  stile  is  perpen- 
dicular^ and  has  different  positions  in  the  line 
eo  V5^  cliangiug  with  the  declination  of  tlie 
suu^  and  indicated  by  the  names  of  the  months 
marked  upon  its  surface.  From  the  obliquity 
of  the  stile  of  the  one  dial^  and  the  rectangular 
position  of  the  other^  the  motion  of  their  sha- 
dows is  so  different^  that  the  dial  may  be  reck- 
oned properly  placed  when  the  shadows  of  both 
stiles  indicate  the  same  hour. 
^•*-  In  order  to  understand  the  theory  and  con- 

struction of  this  dial,  let  jB£  be  its  length,  per- 
pendicular to  the  direction  of  the  meridian. — 
Uaving  bisected  BE  in  Jl,  make  .10  equal  to 
the  sine  of  the  latitude  of  the  place ;  and  with 
the  cosine  of  tue  latitude  as  radius,  set  off  dD 
and  .iC  equal  to  the  tangent  of  23^  28',  the 


Dialling.  4SS 

sun'a  greatest  declination.  The  points  J)  and  p^atb 
C  arc  the  places  of  the  stile  in  the  time  of  the^''^^^' 
fiolstices,  on  the  Slst  of  June  and  December^ 
and  if  the  tangent  of  the  sun's  declination  for 
the  first  day  of  every  month  be  set  off  in  a  si- 
milar manner  between  A  and  Dy  and  A  and  Cy 
the  points  thus  found  will  be  the  place  of  the 
stile  on  those  days^  and  the  radius  BC  drawn 
from  all  these  points  to  B  will  be  the  hour-line 
of  six  at  these  different  times. 

In  order  to  prove  this,  let  ZJEJSTH  (Fig.  5.)  Fig.  5. 
be  the  meridian,  Pp  the  six  o'clock  hour-circle^ 
and  PII  the  height  of  the  pole,  then  AZS  is 
the  azimuth  of  the  sun,  and  PZS  its  comple- 
ment^ AS  the  sun's  declination,  and  PS  its 
complement.  Now^  in  the  spherical  triangle 
PZS  right  angled  at  P,  we  have  by  spherical 
trigonometry,  (Simson's  Euclid,  prop.  17)  Ra- 
dius :  Sin.  PZ=Tang.  PZS :  Tang.  PS;  that 
is,  Radius  :  Sin.  PZ:=CoTang.  azimuth  :  Co 
Tang,  declination^  for  PZS  is  the  complement 
of  the  azimuth^  and  PS  the  co-declination ;  but 
as  radius  is  a  mean  proportional  between  the 
tangent  and  cotangent,  (Def.  IX,  Cor.  1.  plane 
trigonom.)  the  tangents  will  be  in  the  reciprocal 
ratio  of  the  cotangents,  and  consequently  cotang. 
azimuth  :  cotang.declin.=:Tang.decliu. :  Tang, 
azimuth.  Therefore,  Rad.  :  Sin.  PZ=:Tang. 
declin.  :  Tang.  :  azimuth ;  and  the  sine  of  PZ 
the  colatitude,  is  the  same  as  the  cosine  of  the 
latitude. 

Now^  if  JBIC  represents  the  six  o'clock  hour- 
line  when  the  sun  is  in  the  equator,  and  JIC 
the  tangent  of  the  sun's  declination,  for  a  ra« 
dins  equal  to  the  cosine  of  the  latitude^  or 
d9r  -Tang,  declio.  x  cosine,  latitude,  the  angle 
JSLBC  will  be  equd  to  the  sun's  azimuth,  for 
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PtATx  f|.Q|,i  the  last  analogy^  Tang,  ilcclin.  x  t'os.  la- 
^^^  *"  titude  =  Rad.  x  Tang,  azimuth,  therefore  JIC= 
Rad.  X  Tang,  azimuth,  that  is,  AC  is  equal  to 
the  tangent  of  the  sun's  azimuth  when  AB  is 
radius ;  and  consequently  ABC  is  the  sun's  azi- 
muth since  AC  is  its  tangent.  If  the  sun  were 
in  the  equator  and  the  stile  at  A^  his  azimuth 
from  the  south  would  be  at  OAJB^  whereas  when 
the  stile  is  at  C,  his  azimuth  is  OCB,  which  is 
equal  to  OAB—ABC,  therefore  ABC  is  the 
sun's  azimuth  from  the  east  or  west  at  6  o'clock* 
and  BC  the  6  o'clock  hour  line.  In  the  same 
Svny  it  might  be  shown,  when  the  stile  is  placed 
in  any  point  between  C  and  1>,  that  a  line  drawn 
from  it  to  the  point  B  will  be  the  six  o'clock 
hour-line  for  that  declination,  and  that  the  angle 
at  Bj  comprehended  between  this  line  and  AB^ 
will  be  equal  to  the  azimuth  of  the  sun. 

In  order  to  determine  the  liorary  points  and 
the  circumference  of  the  dial,  we  must  consi- 
der, that  if  the  equator  be  projected  upon  the 
horizon  ofany  place,  it  will  form  an  ellipse  whose 
conjugate  or  shortest  diameter  is  equal  to  the 
sine  of  the  latitude  of  that  place.  Let  BMF^ 
r\g.  6.  therefore,  (Fig.  6.)  be  the  equator  projected  on 
the  horizon  of  a  given  place,  so  that  AM  half 
the  conjugate  axis  is  to  AB,  half  the  transverse 
axis,  as  the  sine  of  the  latitude  of  that  place  is 
to  radius.  Then  having  described  the  semi- 
circle BXIIFy  divide  the  quadrants  BXIIy  and 
JCJ IF  into  6  equal  parts  for  the  hours,  into  IS 
for  the  half-hours,  aud  into  S4  for  the  quarters, 
each  hour  being  15^  in  the  daily  motion  of  the 
sun,  each  half-hour  7^  30',  and  each  quarter 
3^  4d',  and  from  these  points,  from  the  point 
7//,  for  example,  draw  IIICE  parallel  to 
AXIIy  or  perpendicular  to  AB^  the  point  C, 
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where  this  line  cuts  the  ellipse^  will  be  tlie  ho-  ^^T* 
rary  pointy  and  DC  will  be  the  three  o'clock'  *'^'"' 
hour-line  when  tlie  stile  is  at  D. 

As  there  is  some  difficulty,  however,  in  de- 
scribing an  ellipsowith accuracy,  we  shall  show 
how  to  find  the  horary  points  without  describ- 
ing this  conic  section.  Take  BC  (Fig.  3. )  equal  Fis-  3. 
the  breadth  of  the  dial,  and  having  bisected  it  in 
•4,  draw  .SL 12  perpendicular  to  BC^  and  equal 
to  the  sine  of  the  latitude,  •dO  being  nadius. 
Then  upon  the  centre  .S,  with  the  distance  •! 
IS,  describe  the  semicircle  D  13  £,  and  with 
the  distance  .iB  the  semicircle  CKB.  Divide 
the  quadrant  UB  into  six  equal  parts  for  hours 
in  the  points  m,  ?i,  o,  v,  9,  and  the  quadrant  13 
E  into  the  same  number  of  equal  parts  in  the 
points  UfbyCy  d,e}  and  through  a,  ft,  c,  &c.  draw 
a  11,  b  10,  c  9,  &c.  parallel  to  CB;  and  through 
m,  n,  Of  &c.  draw  m  1,  n  2,  0  3,  parallel  to  HJl; 
the  points  of  intersection  1,  S,  3,  4,  5,  will  be 
the  horary  points,  and  will  be  in  the  circum- 
ference of  an  ellipse.  The  horary  points  being 
thus  known,  it  is  not  necessary  to  trace  the 
ellipse,  otherwise  it  might  be  easily  done  with 
the  hand.  If  the  divisions  IT/n,  mn,  &c.  be 
subdivided  into  half  hours  and  quarters,  or  even 
lower,  the  corresponding  points  in  the  ellipse 
12  B  may  be  determined  in  a  similar  manner. 

In  order  to  demonstrate  that  C  is  the  horary 
point  of  three  O'clock,  and  DC  the  hour-line 
wiien  the  sun  is  at  his  greatest  north  declination, 
we  must  find  from  the  construction  the  angle 
CDMf  or  the  sun's  azimuth,  reckoned  from 
the  south,  and  see  if  the  triangle  PZS  (Fig.  70 
furnishes  us  with  a  similar  expression  of  th?  an- 
gle Zy  or  sun's  azimuth.  In  Fig.  6.  67/,  or  Fig.  6. 
its  equal  AE,  is  evidently  the  sine  of  the  horary 
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xLvm  ^^S^^  *^  being  radius ;  and  since  CE  or  Jiff 
'  is  the  cosine  of  the  horary  angle,  in  a  circle 
whose  radius  is  AM,  or  the  sine  of  the  latitude^ 
we  will  have  CJ5  or  jIU=Cob.  horary  angle  x 
Sin.  lat.  But  according  to  the  first  part  of  the 
construction  •ID  =  Tan.  declin.  x  Cos.  lat. ; 
therefore  DH,  the  difference  between  mSJ)  and 
JlHy  will  be  =  Cos.  hor.  angle  x  Sio.  lat. — 
Tang,  declin.  x  Cos.  lat. ;  and  the  tangent  of 

the  angle  CDH  or  ^  will  then  be  equal  to 

Situ  Ihr.  Anprle       

Cot.  Hor.  Angle  X  i^n    J^ttit.^Tuti^.  BecL  X  C'm.  Lat. 

Now,  in  order  to  find  a  similar  expression  for 
fig.  7.  the  angle  PZS,  (Fig.  7.)  let  SO  be  a  perpendi- 
cular upon  PZ;  and  the  sines  of  the  segments 
POf  ZOf  will  be  in  the  inverse  ratio  of  the  tan- 
gents of  the  angles  at  the  base  P  and  Z,  (Sim- 
son^s  Spher.  Trig.  Prop.  XXVI.) ;  that  is^  Siii. 
ZO :  Sin.  PO=Tang.  P :  Tang^;  and  there- 

forQ,  Tang.  ^=i?i^21I^SS:j?.    Bui,Sm.ZO^ 

tJlH.  Z(j 


Sin.  PZ—i^  0*=Sin.  PC/x  Cos.  PZ— Sin.PZ 
xCos. PO. — Now,  since  Rad.  *.  Tang.=.Sin.  : 
Cosine,  and  since  Cos.  :  Sin.=Rad.  :  Tang, 
we  have,  by  the  rule  of  proportion,  Sin.  PO=s 

Cos.  POxTang.  PO;  and  Tans;.  PQ=^  ^^ 
Therefore,  '^"  ^^^ 

^  Sin.  ZO 

Co9.  POXTav^.  PO DlVldincr  hv 

Sin.  PO  X  Co*.  PZ—Sin.  PZ  X  Co*.  PO'     *'*^**""&  ^y 

Cos.  PO  we  have  ^^''  ^^^ 

Sin.  ZO    . 

sm.  POX  Cob,  pz^sin.  pz^  anu  smcc 

Co*.  PO 

•  See  Trail's  Algebra,  Appendix,  K©.  VI,  on  the  Aiithmetic  of 
iHncM^  Theorem  U- 
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Tang.  P  O^^tJ^  we  will  have,  by  substitution,  piat. 

Sin.  PO Tan^.  PO 

Sin.  ZO"^  Tang.  PO  X  Cos    PZ-~Sin    PZ  ' 

Again,  by  Simson's  Spher.  Trigon.  Prop.  XX|||k 
Cos.  P  :  Rad.=Tang.  PO  :  Tang.  PS,  co^ff 
sequently  Tang.  PO  =  Tang.  PAfxCos.  P. 
Substituting,  therefore,  this  new  value  of  Tang. 
PO  in  its  room,  in  the  last  equation,  multiply- 
ing  the  whole  by  Tang.  P,  and  dividing '  by 
Tang.  PSy*  we  will  have. 

Tang,  P  X  Sin.  P0_  Cot.  P  X  Tan/r.  P 

Sift.  ZO  '^CoM.  PZ  X  Cos.  P-^Sin.  PZ  X  Cot  PS* 

But  since  Tang.  :  Kad.=Cos.  :  Sin.,  Sin.  Pss 
Cos.  -PxTang.  P.  By  substituting  Sin.  P  in  place 
of  its  value,  we  will  have  Tang.  Z,  or  its  equal 

Tang.  P  X  Sin.  P0_, Sin.  P ^ 

Sin.  ZO  '^Cot.  P  X  Cot  PZ—  Sin  PZ  X  Cot.  Ps^ 

that  is,  by  substituting  the  names  of  the  sym- 
bols. Tang.  Zz= 

Sin.  Bar  Jingle 
Cot   Uot\  Ang.  X  Sin.  Litt.  —  Tu»g,  Dec,  X  Cot.  Lut. 

which  is  the  same  exifression  of  the  tangent  of 
the  sun^s  azimuth,  or  angle  Z,  as  was  deduced 
from  the  former  construction. 

The  analemmatic  dial  being  thus  demonstra- 
ted, its  construction  will  be  better  understood 
by  taking  an  example.  Let  it  be  required, 
therefore,  to  construct  one  of  these  dials  for  la- 
titude 06^  north,  which  nearly  answers  to  £d. 
inburgh.  Let.^C  (Fig.  3.)  be  taken  for  half  Fig.  ^. 
the  breadth  or  radius  of  the  dial,  and  let  it  be 
divided  into  1000  parts,  then  A  IS,  which  must 
be  equal  to  the  sine  of  the  latitude  or  96^,  will 
be  8S9,  which  are  the  three  first  figures  of  the 

*  Since  the  tangents  are  in  the  invene  ratio  of  the  cotangentR, 
inuUiplying  any  number  by  the  coun^nt,  is  the  same  as  (Uyid- 
ing  it  by  the  tangent. 
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i^n      natural  sine  of  96°  in  a  table  of  sines.    In  order 
^^^*-    to  find  the  points  JO,  C,  (Fig.  4. )  where  the  stile 
is  to  be  placed  at  the  solstices  on  the  Slst  of 
j^nne  and  December,  take  the  tangent  of  S3°  28' y 
■Pbe  sun's  declination  at  that  time,  and  it  will  be 
434,  if  the  radius  were  JiC  or  1000;  but  as. the 
radius  is  the  cosine  of  the  latitude,  which  is  5S9f 
we  must  say,  as  1000  :  S99  =434  :  843,  the  x 
length  of  JU)  and  AC.    On  the  Slst  of  Febm- 
ary,  April,  August,  and  October,  the  sun's  de- 
clination is  nearly  11°  10',  the  tangent  of  which 
for  a  radius  of  1000  is  SOO;  but  for  a  radius  of 
009,  the  cosine  of  the  latitude,  it  will  be  liS^ 
which  is  the  distance  of  the  stile  from  A  on 
both  sides  on  the  Slst  of  the  months  already 
mentioned.    On  the  Slst  of  January,  May, 
Jnly,  and  November,  the  sun's  declination  is 
nearly  SO^  8',  the  tangent  of  wliich,  for  the 
radius  1000,  is  367 ;  but  for  the  radius  009,  it 
will  be  SO0,  which  is  the  distance  of  the  stile 
from  Af  on  both  sides,  on  the  Slst  of  these 
months,  the  names  of  the  months  being  insert- 
ed beside  the  points,  as  in  Fig.  S.    The  horary 
points  are  now  to  be  determined  in  the  manner 
already  mentioned,*  and  the  dial  will  be  fin- 
ished.   Tn  order  to  place  the  dial,  we  have 
only  to  turn  it  round  till  the  stile  of  the  ana- 
lemmatic  dial  indicates  the  same  hour  with  that 
of  the  horizontal  one,  and  it  will  then  be  pro- 
perly  placed. 

See  page  467. 
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Ihscriptian  of  a  new  Dial,  in  which  the  hours 
are  at  equal  distances  in  the  circumference 
of  a  circle.* 

WITH  any  radius  describe  the  circle  Platk 
FXIIB:  draw  AXU  for  the  meridian,  and^^^^" 
divide  the  quadrants  FXUy  BXII^  each  iuto  ^^' 
six  equal  parts  for  hours.  To  the  latitade  of 
the  place  add  the  half  of  its  complement,  or 
the  height  of  the  equator,  and  the  sum  will  be 
the  inclination  of  the  stile,  or  the  angle  J)JiC. 
Thus,  at  Edinburgh,  the  latitude  is  55^  98', 
the  complement  of  which,  or  the  altitude  of  the 
equator,  is  Sdfc^S';  the  half  of  which  ly""  I'l 
being  added  to  55""  5b',  ^ves  7^""  6V  for  the 
inclination  of  the  stile  or  the  angle  DAC.  The 
position  of  the  stile  in  the  figure  is  that  which 
it  must  have  on  the  Slst  of  March  and  Sep- 
tember, when  the  sun  crosses  the  equator ;  but 
when  the  sun  has  north  declination,  the  point 
JL  must  move  towards  !>,  and  when  he  is  soath 
of  the  equator,  it  must  move  in  the  opposite  di- 
rection. In  order  to  find  the  position  of  the 
point  Ji  for  any  declination  of  the  sun,  multiply 
together  the  radius  of  the  dial,  the  tangent  of 
half  the  height  of  the  equator  at  the  place  for 
which  the  dial  is  constructed,  and  the  tangent 

*  This  dial  was  inrented  by  M.  Lambert,  and  is  described  and 
demonstrated  in  the  Ephemeridet  de  Berlin,  \777,  p.  300,  written 
in  German. 
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of  the  sim*s  declination,  and  the  product  of 
these  three  quantities  divided  by  the  square  of 
the  radius  of  the  tables,  will  give  the  distance 
of  tlic  moveable  point  A  from  the  centre  of  the 
circle  FXIIB. 

Let  it  be  required,  for  example,  to  find  the 
position  of  the  point  A  on  the  Slst  of  Decem- 
ber and  June,  when  the  declination  of  the  sun 
is  a  maximum,  or  S3^  S8'  the  radius  AB  of  the 
dial  being  divided  into  100  equal  parts. 

Log.  100=3.0000000 
Log.  Tang.  IT"  l'=9.4857'907 
Log.  Tang.  23°  28'=9.6376106 


Sum  S1.1234013=Log.  of  pro- 
duct. From  this  logarithm  substract  SO,  the 
logarithm  of  the  square  of  the  radius,  and  the  ' 
remainder  will  be  1.1S34013  =  Log.  13.89. 
Take  1 3^^  parts,  therefore^  in  your  compasses, 
and  having  set  them  both  ways  from  A^  the  li- 
mits of  the  moveable  stilc  will  be  marked  out 

For  any  other  declination,  the  position  of  the 
point  tj  may  be  found  in  a  similar  manner,  li 
will  be  sufficient  in  general  to  determine  it  for 
the  declination  of  the  sun  when  he  enters  each 
sign,  and  place  these  positions  on  the  dial,  as 
repi*esentcd  in  Fig.  S. 

The  length  of  the  stile  AC.  or  its  perpendi- 
cular height  /fC,  must  always  be  of  such  a  size 
that  its  shadow  may  reach  the  hours  in  the  circle 
FXIIB.  For  any  declination  of  the  sun,  its 
length  AC  maybe  determined  by  plane  trigono- 
metry. AXlTis  always  given,  the  iucliuatiou 
of  the  stile  IkiC  is  also  known,  the  angle  ♦4jr//C 
ih  etjual  to  the  sun's  meridian  altitude,  and 
therefore  the  whole  triangle  may  be  easily  found 
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in  the  common  way,  or  by  the  following  trigo- 
nometrical formula :  AC  the  length  of  the  stiles 

•^X//XS;n.  Merid.  Alt. 


Siu.  (IKO^—Ani^TeofSliie-fMerid.  Alt.) 

Notwithstandine  the  simplicity  in  the  con- 
struction of  this  dial^  the  motion  of  the  stile  is 
troublesome^  and  should^  if  possible^  be  avoid- 
ed. For  this  purpose,  the  idea  first  suggested 
by  the  celebrated  La  Grange  will  be  of  essen- 
tial utility.  He  allows  the  stile  to  be  fixed  in 
the  centre  A,  and  describes  with  the  radius  AB 
circles  upon  the  different  points  where  the  stile 
is  to  be  placed  between  Ji  and  D,  and  on  the 
other  side  of  A,  which  is  not  marked  in  the  fi- 
gure. All  these  circles  must  be  divided  equal- 
ly into  hours  like  the  circle  FXIIBy  and  when 
the  sun  is  in  the  summer  solstice^  the  divisions 
on  the  circle  nearest  the  stile  are  to  be  used  \ 
when  he  is  in  the  winter  solstice^  the  circle 
farthest  from  A  must  be  employed,  and  the  in- 
termediate circles  must  be  used  when  the  sun 
is  in  the  intermediate  points.  This  advice  of 
La  Orange  may  be  adopted  also  in  analemma- 
tic  dials. 
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ASTRONOMY. 


On  the  cause  of  the  Tides  on  the  aide  of  the 
Harth  opposite  to  the  Moon. 


IT  lias  always  been  reckoned  difficult  for 
those  unacquainted  with  physical  astronomy, 
to  understand  why  the  sea  ebbs  and  flows  «i 
the  side  of  the  globe  opposite  to  the  moon. 
This  fact,  indeed;  has  frequently  been  regard- 
ed,  and  sometimes  adduced^  by  the  ignorant, 
as  an  insurmountable  objection  to  the  Newto- 
nian theory  of  the  Tides,  in  which  the  rise  of 
the  waters  is  referred  to  the  attraction  of  the 
sun  and  moon.  From  an  anxiety  to  give  a  po- 
pular explanation  of  this  subject,  Mr.  Fergu- 
son has  been  led  into  an  important  error,  in  so 
far  as  he  ascribes  the  tides  on  tlie  side  of  the 
earth  opposite  the  moon,  to  the  excess  of  the 
centrifugal  force  above  the  earth's  attraction.* 
Jt  cannot  be  questioned,  indeed,  that  the  earth 
revolves  round  the  common  centre  of  gravity 
of  the  earth  and  moon,  at  the  distance  of  near- 
ly 60(H)  miles  from  that  centre ;  and  that  the 
side  of  the  earth  opposite  the  moon  has  a  great- 
er velocity,  and  consequently  a' greater  centri- 

•  See  Vol.  I. 
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fogal  force  thaio  the  side  next  the  moon ;  but 
as  the  side  of  the  earth  farthest  from  the  moon, 
is  only  10,000  miles  from  the  centre  of  gravity, 
it  will  describe  an  orbit  of  SiAi5  miles  in  the 
spa^of  S7  days  8  hours,  or  656  hours ;  this 
wilH^ve  only  a  velocity  of  4(7  miles  an  hour, 
which  is  too  small  to  create  a  centrifugal  force, 
capable  of  raising  the  waters  of  the  ocean. 

The  true  cause  of  the  rise  of  the  sea  may  be  plats 
understood  from  Plate  XLII,  Fig.  4.  where  ^^"-^ 
ABC  is  the  earth,  O  the  common  centre  of  gra-  '^' 
vity  of  the  earth  and  moon,  round  which  the 
earth  will  revolve  in  the  sume  manner  as  if  it 
were  acted  upon  by  another  body  placed  in 
that  centre.  Let  JIM,  BJST,  CP,  be  the  direc- 
tions in  which  the  points  A^  J9,  C,  would  move, 
if  not  acted  upon  by  the  central  body  ;  snd  let 
Bbn  be  the  orbit  into  which  the  centre  B  of  the 
earth  is  deflected  from  its  tangential  direction 
BJ\r.  Then,  since  the  waters  at  A  are  acted 
upon  by  a  force,  as  much  less  than  that  which 
influences  the  centre  of  the  earth,  as  the  square 
of  OB  is  less  than  the  square  of  OAy  they  can- 
not possibly  be  deflected  as  much  from  their 
tangential  direction  AM,  as  the  centre  B  of  the 
earth ;  that  is,  instead  of  describing  the  orbit 
Aniy  they  will  describe  the  orbit  ea.  In  the 
same  manner  the  waters  at  c  being  acted  upon 
by  a  force  as  much  greater  than  that  which  in- 
fluences  the  centre  B  of  the  earth,  as  the  square 
of  OB  exceeds  the  square  of  OC,  will  be  de- 
fleeted  farther  from  their  tangential  direction 
than  the  centre  of  the  earth,  and  instead  of  de- 
scribing the  orbit  ep,  will  describe  the  orbit  hd. 

As  the  earth,  therefore,  when  revolving" round 
the  centre  of  gravity  0,  will  be  acted  upon  by 
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Che  moon,  in  tbe  same  way  as  by  another  body 
placed  in  that  centre^  it  will  assume  an  oblate 
spheroidal  form  abc  ;  so  that  the  waters  at  c  will 
rise  towards  the  moon,  and  the  waters  at  a  will 
bt  lejt  behind^  or  will  be  less  deflected  thaifcthe 
other  parts  of  the  earth,  by  the  lunar  a 
from  that  rectilineal  direction  in  which  all  re- 
volving bodies,  if  influenced  only  by  a  projec- 
tile  force^  would  naturally  move. 
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MECHANICS. 

The  following  article  on  Wheehcarriagesy  ta- 
ken  from  Marrafs  Mechanics^  controverts 
some  of  the  opinions  advanced  by  Dr.  Brew- 
ster^  on  the  same  subject ,  in  the  Appendix 
of  this  Work.— A.  Eu. 

ON  WHEEL- CARRIAGES. 

ON  the  subject  of  wheel-carriages  nmch 
has  been  written  by  philosophers^  but  to  very 
little  purpose ;  for  so  contradictory  to  matter  of 
fact  are  the  arguments  adduced  by  some  wri- 
ters^ that  a  practitioner,  in  this  branch  of  me- 
chanics, would  be  apt  to  suspect  that  those  per- 
sons had  never  seen  the  carriages,  the  construc- 
tion of  which  they  are  attempting  to  explain. 

A  greater  number  of  mistaken  notions  were 
never  condensed  into  one  article,  than  are  to  be 
found  in  Dr.  Brewster's  remarks  on  wheel-car- 
riages, in  his  Appendix  to  <<  Ferguson's  Lec- 
tures on  Select  Subjects  :''  as  Dr.  Brewster  is 
undoubtedly  a  man  of  learning  and  talents,  it 
is  much  to  be  lamented  that  he  should  have 
spent  so  much  time  on  a  subject  with  which  he 
is  so  totally  unacquainted;  for  almost  ever\ 
observation  which  he  has  made,  is  inconsistent 
with  the  mode  now  adopted  by  wheel-MTights 
and  coach-makers,  in  the  construction  of  car- 
riages :  indeed,  no  such  carriages  as  the  Doc- 
tor describes  are  any  where  to  be  met  with  in 
the  southern  parts  of  Britain. 

Experimental  knowledge  on  any  subject  in 
always  allowed  to  be  preferable  to  theory  alone, 
but  a  judicious  combination  of  both,  always  cou- 
ducts  us  the  nearest  way  to  obtain  our  ends. 
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What  most  writers  have  said  on  this  subject, 
has  been  principally  collected  from  experiments 
made  on  a  very  small  scale  ;  what  I  have  to 
offer,  cither  in  conjunction  with,  or  opposition 
to  other  authors,  is  chiefly  collected  from  expe- 
riments made  on  the  carriages  themselves,  and 
from  the  accounts  I  have  been  able  to  obtain 
from  consulting  good  workmen. 

The  principle  advantage  obtained  by  the  nse 
of  wheels,  arises  from  their  turning  on  their 
axles ;  for,  when  a  wheel  turns  on  an  axle,  the 
force  to  overcome  the  friction  is  diminished  in 
the  ratio  of  the  radius  of  the  wheel  to  the  radius 
of  the  axle ;  and  no  advantage  is  gained  if  they 
do  not  tnm. 

A  very  small  power  will  move  a  wheel  along 
a  firm  level  road,  where  no  obstacles  intervene ; 
but,  in  this  case,  a  large  wheel  will  evidently 
move  with  a  less  power  than  a  small  one ;  be- 
cause the  lever  which  overcomes  the  friction  of 
the  axle,  is  longer,  as  the  diameter  of  the  wheel 
increases. 
plitk  Let  us  suppose  that  the  wheel  meef^  with  an 

fS^'.  obstacle,  as  O,  (Fig.  6.)  then,  the  spoke  OC  will 
represent  a  lever  whose  centre  of  motion  is  (/; 
CI)  being  the  direction  of  the  weight  with  Mhich 
the  wheel  is  charged ;  and  CE,  which  is  pa- 
rallel  to  the  horizon,  the  direction  of  the  power 
applied  to  move  it. 

Now,  by  the  property  of  the  bended  lever, 
GO  will  denote  the  energy  of  the  power  acting 
in  the  direction  CE,  and  OH  will  represent  the 
energy  by  which  the  weiglit  opposes  the  power; 
and,  in  case  of  an  equilibrium,  P  iW :  i  OH' 

:  OG;  therefore,  P=!?^';  ft^m  whence  it  is 
plain  that  the  power  required  to  move  the  wheel 
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decreases  as  OG  increases,  or  as  OC  increases ; 
fur  the  obstacle  remaining  the  same,  OH  decrea- 
ses as  OG  or  OC  increases.  Here,  also,  great 
wheels  have  the  advantage  of  small  ones :  bnt 
all  this  is  on  the  supposition  that  the  power  ri- 
ses as  the  diameter  of  the  wheel  increases,  so 
that  the  direction  of  the  power  may  always  be 
parallel  to  the  horizon. 

Let  the  direction  of  the  power  be  inclined  to 
the  horizon,  and  first  let  us  suppose  it  to  be  below 
the  horizontal  line  C£,  as  in  the  direction  Ce ; 
then,  it  is  evident  that  the  power  decreases  as 
the  angle  EGe  increases ;  or,  when  E  conti- 
nues at  the  same  height,  as  CI)  increases ;  and 
a  great  part  of  the  power  is  lost  by  forcing  the 
wheel  into  the  ground. 

Secondly,  let  us  suppose  the  direction  of  the 
power  to  be  above  the  horizontal  line  CE;  then, 
the  power  manifestly  increases  as  the  line  of  di- 
rection rises,  till  it  comes  into  the  situation  CFj 
which  is  perpendicular  to  CO,  and  then  the 
power  is  represented  by  CO,  and  is  a  maximum. 

Hence,  it  is  plain,  that  the  wheels  must  not  be 
so  large  as  to  cause  the  line  of  direction  of  the 
power  to  fall  below  the  horizontal  line  CEy  nor 
so  small  as  to  cause  it  to  rise  above  the  direc- 
tion CF. 

Consequently,  the  power  requisite  to  move  the 
wheel  whose  radius  is  GO=CH,  when  it  acts  in 
the  direction  CF^  is  the  same  as  would  be  re- 
quired to  move  the  wheel  whose  radius  is  CO, 
when  the  power  acts  in  the  direction  CE;  both 
being  charged  with  the  same  weight  There- 
fore, if  the  height  of  the  obstacle  Oo  be  4  inches, 
or  if  the  wheel  sink  perpendicularly  to  the  depth 
of  4*  inches ;  then,  if  CF  be  the  direction  of  the 
power^  the  wheel  whose  radius  is  CO  will  be 
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di-awn  willi  as  much  ease,  as  one  of  which  the 
radius  is  4  inches  more,  ivhen  the  power  acts 
in  the  horizontal  dii*ection  CE. 

In  order  then  to  know  the  height  of  fore 
wheels,  it  is  necessary  to  determine  the  height 
ahove  tlie  ground,  of  that  point  from  whence  a 
middle  sized  horse  generally  draws. 

This  altitude  is  about  4  feet,  as  any  person 
may  easily  prove  by  actually  ineasuring  it: 
now  the  height  of  the  foro  wheels  is  common- 
ly about  4|  feet,  the  radius,  therefore^  is  2  feet 
3  inches ;  to  which  adding  3  inches  for  half  the 
thickness  of  the  axle-tree,  and  4  inches  more 
for  the  thickness  of  the  shaft,  we  have  S  feet  10 
inches  for  the  height  of  the  upper  side  of  the 
shafts  from  the  gronnd  ;  and  this  taken  from  4 
feet,  leaves  1  foot  S  inches  for  the  difference  <tf 
the  heights  of  the  point  from  whence  the  horse 
draws,  and  the  upper  surface  of  the  shafts,  st 
the  axle-tree.  If  we  take  3  inches  from  this, 
which  is  generally  lost  by  the  obliquity  of  the 
chains  by  %vhich  the  shaft  horse  draws,  we 
shall  still  have  a  surplus  of  11  inches  ;  hence, 
it  is  manifest,  that  the  fore  wheels  might  be  at 
least  a  foot  higher,  or  ;1^  feet  in  diameter,  and 
then  the  line  of  direction  in  which  the  horse 
draws  would  be  5  inches  above  a  horizontal 
direction. 

But  this  is  on  the  hypothesis  that  the  roads 
are  perfectly  hard  and  level,  which  is  very  fre- 
quently not  the  case ;  we  will,  thereforo^  sup- 
pose the  wheels  to  move  in  soft  or  silt  roads, 
where  they  siuk  to  the  depth  of  4  inches,  and 
often  more ;  here  it  is  evident,  from  what  has 
been  said  in  the  preceding  page  of  this  article, 
that  there  is  a  great  advantage  gained,  and  the 
power  is  actually  increased,  by  the  line  of  direc« 
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lion  in  wliich  it  acts  being  considerably  incliiied 
above  the  horizputal  direction^  and  especially  in 
moving  up  a  hill,  where  the  power  is  most  re- 
quired. From  whence  it  follows,  even  from 
the  theory,  that  the  height  of  fore  wheels,  where 
the  roads  are  soft,  should  not  much  exceed  about 
4^  feet ;  but  it  has  been  experimentally  proved, 
that  when  the  fore  wheels  of  waggons  are  more 
than  44  feet  in  diameter,  that  a  greater  power 
is  required  to  draw  them  along  soft  roads  (the 
weight  being  the  same)  than  when  the  wheels 
are  about  that  height. 

It  is,  therefore,  not  probable,  that  small  fore 
w  heels  will  be  abandoned  for  larger  ones,  since 
they  are  not  only  stronger,  and  of  course  will 
bear  more  %veiglit,  but  they  last  longer,  and  are 
far  more  commodious  and  manageable. 

MVa  may  observe  also^  that,  in  soft  roads, 
Ihe  horses  generally  sink  to  the  depth  of  3  or 
4<  inches,  which  lowers  the  point  of  application 
of  the  power,  and  is  another  reason  for  adopt-* 
ing  low  fore  wheels. 

The  wheels  of  carriages  are  generally  made 
dishing  fas  the  workmen  call  it)  or  hollow^ 
tliat  is,  liie  spokes  are  not  placed  perpendicu- 
lar to  the  nave,  but  inclining  forward;  and 
wheels  of  this  form  are  knovn^  from  experi^ 
ence,  to  be  strouger  than  if  tAey  were  cylindri- 
cal, or  than  if  the  spokes  wert  placed  perpen- 
dicular to  the  nave.  This  is  obvious  when  we 
consider  the  violent  strains  to  which  wheels  are 
liable  from  the  push. which  the  load  frequently 
makes  against  the  hind  end  ot  the  nave,  espe- 
cially when  the  vheel  suddenly  falls  into  a  rut ; 
and  it  is  further  confirmed  by  observing  tliat  the 
spokes  become  more  and  more  upright  as  the 
wheels  grow  older.     From  whence  it  is  plain, 
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tliat  if  wheels  were  made  cyliDdrical  at  firsf^ 
they  would  soon  become  rounds  or  the  ends  of 
the  spokes  at  tlie  grouiitfl  would  incline  inwards^ 
which  would  render  tfiem  extremely  defective. 
It  must  be  observed,  however,  that  wheels  are 
sometimes  dished  much  more  than  %vhat  appears 
to  be  necessary,  but  no  general  rule  for  a  pro- 
per quautity  of  dish  has  yet  been  found  out ;  it 
is,  tlierefore,  regulated  according  to  the  fancy 
of  the  workman  :  wheels  that  are  5^  feet  high 
are  generally  dished  about  3  inches,  and  those 
that  are  4^  feet  higii  are  dished  about  24  inches. 

But  though  the  spokes  are  inclined  to  the 
nave,  yet  the  rims  ai*e  always  made  cylindriealf 
and  not  conical,  as  Dr.  Brewster  asserts ;  and 
when  the  carriage  is  on  level  ground^  the  axle- 
tree  is  so  formed  that  every  spoke  in  the  wheel; 
as  they  successively  come  to  the  ground^  may 
be  in  a  vertical  positiovy  or  ferpendicular  to 
the  horizon :  (the  workmen  commonly  let  the 
foot  of  (he  spoke  at  the  rim  point  outward  about 
a  quarter  of  an  inch,  because,  as  was  observed 
above,  the  wheels  always  wear  straigbter)  in 
which  situation  it  is  evidentlv  the  strongest. 

\>  ho  ever  saw  a  carriage  running  with  the 
rims  of  the  wlveels  as  wide  at  the  bottom  as  at 
the  top  ? — Phihmophers  have  long  been  mista- 
ken iu  this  point,  for  the  wheels  have  been  so 
posited,  that  the  Ion  est  spoke,  when  at  the 
Sround,  misht  be  perpendicular  to  the  horizon- 
tal plane  on  which  it  Qmed,  for  50  years  at 
at  least,  and  perhaps  a  ^rtat  deal  longer. 

If  the  axle-tree  were  so  for»ied  that  the  whole 
rim  of  the  wheel  might  bo  perpendicular  to  the 
horizon,  the  H\H}kes  would,  of  course,  be  incli- 
ned lo  the  horiMn;  and  the  oblique  pressure  of 
the  load  upon  the  spokes,  would  cause  the  bin- 
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der  bush  to  rub  very  hard  against  the  otter  (an 
iron  plate  fixed  at  tlii  extremity  of  the  thick 
end  of  the  arni  of  thewxle-tree),  and,  conse- 
quently, the  wheel  would  not  move  freely ;  but 
this  is  remedied  by  bending,  as  it  were,  the 
small  end  of  the  axle-tree  downwards,  so  that 
the  spokes  may  always  receive  the  load,  or 
pressure,  when  in  a  perpendicular  position. 

The  end  of  the  axle-tree  is  also  bent  a 
little  forwards,  (this  workmen  call  the  gather  J 
viz.  about  ^^  of  an  in^h,  for  the.  purpose  of 
making  the  carriage  turn  to  the  right  or  left 
with  more  ease,  and  also  to  prevent  the  fore 
sides  of  the  wheels  from  gathering  outwards ; 
as  they  naturally  would  otherwise  do,  on  ac-  - 
count  of  the  conical  figure  of  the  axle-tree.  It 
is  found,  by  experience,  that  the  carriage  runs 
mnch  easier  when  the  axle-tree  is  so  bent,  than 
when  it  is  not. 

When  the  dish  of  the  wheels  is  3  inches,  the 
wheels  at  top,  measuring  to  the  outside  of  the 
rims,  ought  to  be  a  foot  wider  than  they  are  at 
the  ground :  in  all  cases  they  should  be  4  times 
the  dish  wider  at  the  top  than  bottom. 

The  distance  of  the  outer  edges  of  the  wheels 
at  the  ground,  (or  what  workmen  call  the  road) 
is  commonly  about  5  feet  1  inch,  in  what  are 
called  narrow  wheels,  and  5  feet  4  inches  in 
broad  or  9  inch  wheels. 

We  shall  just  add,  to  what  has  been  said  con- 
cerning concave  or  dishing  wheels,  that  they  are 
a  great  deal  more  convenient  than  cylindrical 
ones  would  be; — first,  because ihey  allow  more 
room  for  the  body  of  the  carriage  and  the  load ; 
and,  secondly,  as  they  make  the  carriage  more 
easy  to  turn  in  a  small  compass ;  lastly,  they 
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are  more  suitable  for  large  towns^^here  a  great 
number  of  carriages  are  almost  continually  pass- 
ing and  repassing ;  as  thej  prevent  the  wheels 
of  those  carriages  from  getting  entangled^  and 
so  prevent  also  much  confusion,  and  render  tra- 
velling much  less  liable  to  accidents. 
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